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FOREWORD
Protein malnutrition is a serious problem in most developing
countries. With the rapid population increase in these countries, the
need for bridging the protein gap has become a matter of real urgency.
Recognizing this, the FAO, in its "Provisional Indicative World Plan for
Agricultural Development" (1969) emphasized the need to work on the pro-
blem from all possible angles, one of the most important being to in-
crease production of the high protein grain legumes. About 70 % of the
world's total protein production is derived from vegetable sources, which
are also the cheapest, and hence the primary sources of protein in the
developing countries. Of this, more than two-thirds came from the cereals,
and about one-fifth from the grain legumes which contain 18 to 25 % pro-
tein (about double that in cereals). The grain legumes are widely grown,
and often form part of the staple diet in many developing countries. But,
in comparison to the cereals, little research work has been done to im-
prove the productivity of grain legume crops which is very low due to
poor fertilizer and other cultural practices and inherent characteristics
of varieties grown.
The Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture
has already embarked on a research programme to increase the quality and
quantity of protein in grain crops using nuclear techniques. The problem
is being attacked in two directions - breeding high yielding and high
protein varieties through radiation induced mutations, and increasing
yields and protein contents through efficient fertilizer utilization. This
panel was convened to advise the Joint FAO/IAEA Division on the potential
for a research project using isotope techniques on how fertilizer utilization
by grain legumes can be maximised without losing any benefits from their
capacity to fix nitrogen.
The papers presented at the meeting dealt with the numerous factors in-
fluencing symbiotic nitrogen fixation and yield responses to fertilizer
application by legume crops. It is considered that this publication would
be of particular value to research workers in the field of legume ferti-
lization.
CONTENTS
Factors affecting the response of grain legumes to the application of
fertilizers. - E.G. Hallsworth. 1
The soil chemical environment in relation to symbiotic nitrogen fixation.
- J.F. Loneragan. 17
The influence of physical environmental factors on the activity of
rhizobium in soil and symbiosis. - P.S. Nutman. 55
Assay of nitrogenase activity by acetylene reduction. - P.J. Dart,
J.M. Day and D. Harris. 85
Fertilizing the soya bean crop (Glycine max [L.] Merrill). - R.A. Olson. 101
Fertility studies on some legume crops in Egypt. - M.R. Hamissa. 113
Bean fertilization in Central and South America. - E. Bornemisza. 147
Response and current fertilization practice of grain legume crops in 157
Romania. - C. Hera.
The effect of nitrogen and sulphur treatments on phosphorus absorption
and yield of groundnuts on soils of sandstone origin. - C.S. Ofori. 183
Preliminary field and greenhouse trials on nitrogen fertilization and
symbiotic N fixation with beans and clover. - H. Broeshart and H. Axmann. 195
Ccnclusions and Recommendations. 207
List of Participants. 213
FACTORS AFFECTING THE RESPONSE OF GRAIN LEGUMES TO THE
APPLICATION OF FERTILIZERS
E.G. Hallsworth
C.S.I.R.O. Division of Soils,
Adelaide, Australia
ABSTRACT
The observation that grain legume crops in the tropics do not respond
to fertilisers may be largely due to (a) failure to appreciate that legimec
can fix nitrogen only when they have an adequate supply of essential trace
elements, and (b) failure to ensure that appropriate strains of rhizobium
are present on their roots; The trace elements should be present in adequate
amounts not only to satisfy the needs of the plant, but also of the nodule
organisms. If the latter do not function effectively, applications of P and
K fertilizers can only produce a limited response in the absence of adequate
combined nitrogen - as any other crop. The paper reviews the various factors
which influence the availability of trace elements and effective nodule
systems, and it discusses the importance of taking these into account in
planning fertilizer experiments with legumes.
Tremendous improvements in the yield of crops in the temperate lands
of the world have followed the use of various chemicals containing N,P or
K as fertilisers. The most expensive element to apply has normally been
nitrogen. As a conseqrence, the ability of members of the genus Leguminosae
to fix atmospheric nitrogen and hence not to need applications of nitrogenous
fertilisers has been widely exploited. The view that has been expressed,
that the legumes commonly grown for grain in the tropics do not respond to
fertilisers is thus at variance with experience in temperate climates. It
is the purpose of this article to review factors that have lead to this
divergence.
The major reasons appear to have been firstly a failure to appreciate
that for the legumes to utilise their ability to fix nitrogen it may be
necessary to supply them with a range of nutrient elements only required in
traces, and secondly to ensure that appropriate strains of rhizobia are
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present on their roots. With the pasture legumes, the practice of adding
trace elements to the major fertiliser has been one of the outstanding
features in post-war agricultural development throughout the world, and par-
ticularly in Australia. The grain legumes have received less attention, but
even for them positive responses have been recorded to molybdenum, vanadium,
manganese, boron, zinc and copper for a wide range of crops. The failure to
obtain responses to fertilisers in experiments on the tropical grain legumes
probably simply reflects te inherent difficulties of such investigations,
for not only is it necessary to satisfy the needs of the plant itself, but
also of the nodule organisms, for without an effectively functioning nodule
system, the legumes are as dependent on combined nitrogen from the soil or
from fertiliser as are any other crops, and applications of P, K or P and
K together could only be expected to produce a limited response.
In any experiment to determine the potential response of grain legumes
to the application of the major fertilisers, the result obtained will be
affected by -
(a) the level of supply in an available form of the nutritional ele-
ments required at trace levels both by the plant and by the nodule
system.
(b) by the presence or absence of strains of rhizobia capable of form-
ing effective nodules on the legume concerned.
(c) by competition between the plant and nodule for nutrient elements
present in limited supply.
(d) by variations in the quantity of trace elements in the seeds used
in the experiment, and
(e) by the methods by which trace elements or bacterial inoculants are
applied.
The trace elements: -
Of the nutrients generally required by plants, the response to P, K,
Mg and S is much the same for legumes as for other plants, with the excep-
tion that the optimum levels for growth for P is higher for the legumes
(Ozanne, Keay and Biddiscombe 1969). Loneragan has already drawn attention
to the higher need for Ca in the nodulated legume.
The absolute level of the trace nutrient may be too low, either due to
a lack of the element in the rocks from which the soil has formed or to
rapid or long continued leaching, the former occurring on coarse textured
soils (e.g. Donald and Riceman 1952) or over drains (e.g. Judy, Lossman &
Rozycka 1964), the latter on the ancient and often lateritized land surfaces
of the tropics.
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Where the quantities of the element present are larger, its availability
for plant growth may be affected by the acidity or alkalinity of the soil, by
specific reaction with certain soil constituents, or by interaction with an-
other nutrient element.
The trace elements required fall into three groups, according to the
extent to which their availability is affected by soil reaction.
(i) those which become less available in alkaline conditions, i.e.
Mn, Fe, B and Zn,
(ii) those which show little change in availability with change in
pl1, i.e. Cu and Co,
(iii) those which become less available under acid conditions, i.e. Mo
and V.
On alkaline soils, failure to respond to the phosphatic fertilisers may
consequently be due to fixation of the Mn, Fe, B or Zn in forms unavailable
to the plant. The need for these elements must be tested under such condi-
tions, as well as the possibility that liming an acid soil may induce defi-
ciency of such elements. Examples of this affect for Mn, Fe and B have been
found frequently in the past, and more recently for zinc (Hutton & Fiskell
1963). Copper and cobalt, although showing little change in availability
with change in reaction per se show a fall in availability in certain acid
soils. Copper is strongly chelated, and made less available in highly or-
ganic soils. In many acid soils, the cobalt is adsorbed almost entirely on
the surface of the concretions of manganese oxide (Tiller, Honeysett and
Hallsworth 1969), whilst in neutral and alkaline soils it is adsorbed on the
montmorillonite lattice.
Since the requirements for copper, cobalt, vanadium and molybdenum are
proportionally much higher for the effectively functioning nodule than it
is for the plant itself, the legumes show a better response to nitrogenous
fertilisers on an acid soil than they do on neutral or alkaline soils. The
application of molybdenum or vanadium in quite small amounts to crops grown
on acid soils may produce responses as great as heavy application of lime,
since the effect of the latter may in large part be due to an increase in
availability of the Mo and V already present in the soil.
There are several other interactions that need to be noted. High levels
of manganese may cause a reduction in the quantities of Cu and Fe absorbed
(Hallsworth E.G. et al 1965). The application of high levels of P may be
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associated with evidence of zinc deficiency (Melton, Ellis, Doll 1970; Ambler
& Brown 1969). An interaction between zinc and soil temperature has also
been reported, a more marked response being obtained at 26°C than at 14° or
200 (Wallace, Romney, Hale 1969), and the effect of such higher applications
of P will only be realised if steps are taken to supply additional Zn at the
same time. Experiments in sand culture show an interaction between levels
of supply of Fe and Cu. At low levels of Fe supply, levels of Cu may be
toxic, whilst at a higher level of Fe, those same levels will enhance growth,
(Polson, Adams 1970).
The manner in which the trace element is supplied may also affect the
balance between nutrient elements, and the application of manganese -
E.D.T.A. has recently been shown to increase the uptake of Fe rather than
in as iron is more strongly chelated by E.D.T.A. than is manganese (Knezek,
Greirert 1971).
The number of trace elements that may be required to be added at any
particular site varies with the nature of soil. With the pasture legumes
in Australia optimum response may be obtained to phosphate on its own, to
phosphate with Mo on the New South Wales tablelands, to phosphate with zinc
and copper at Esperance in West Australia and to phosphate with zinc, copper
and molybdenum in S.E. South Australia, whilst in the York Peninsula in South
Australia the optimum response has been obtained only to a fertiliser mixture
which as well as phosphate and sulphur contained Fe, B, Mn, Zn, V, Cu, Co,
Mo and S (Cartwright and Harris, priv. comm. 1970) and the omission of any
one of these elements resulted in a 40 to 60 % reduction in yield.
In the grain legumes, a similar pattern of varying needs is now beginning
to show itself, and responses to P + Mo, P + Mo + V, P + Mo + Co etc.have
been reported (Table 1). In spite of the importance of Cu for the pasture
legumes, very little attention has been paid to its use for the grain legumes.
No soil showing a response by a grain legume to the simultaneous application
of eight trace elements has yet been reported, but such a field trial does
not yet appear to have been attemptedl
The need for inoculation: -
The importance of inoculating legume seeds with an effective strain of 
rhizobium is perhaps best appreciated in Australia where, following British
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settlement every cultivated crop that was introduced was being grown in soil
in which it had never grown before and in which, so far as the temperate
legumes except lupins were concerned, rhizobial species or strains capable
of forming effective symbionts were absent. In Europe on the other hand,
inoculation has not been generally practised, in the belief that the appro-
priate rhizobia were widespread, but there has been growing evidence that
the lack of an appropriate host crop over several years can reduce the
numbers of rhizobia to very low levels. Under these circumstances responses
to inoculation are obtained. (Manil, 1958).
In the absence of an appropriate rhizobial population, the legumes
will fail to develop effective nodules. Their response to the addition of
phosphorus, potassium or trace elements as fertilisers in such cases will
be dependent on the level of nitrogen supply from the soil. Since in many
tropical and subtropical areas supplies of combined nitrogen from the soil
are likely to be very low, it seems that in many cases where legumes have
been reported to show little or no response to fertilisers, the plants have
been ineffectively nodulated or not nodulated at all. In several experi-
ments reported from the tropics in which negative results have been obtained,
no attempt was made to inoculate the seeds (Kanwar 1962 with berseem; Jain
and Mehta 1963 with grams). In other cases, even when seed inoculation
has been used, no mention was made of any attempt to see whether an effective
nodule system had been developed (Miyasaka, Freire, Abramides 1966).
The inoculation of the seed with an effective strain, on its own, is
no guarantee of the development of effective nodulation. The lack of such
trace elements as molybdenum, copper, cobalt or vanadium in sufficient
quantities will prevent the nodule system from fixing significant quantities
of nitrogen, even in the present of effective strains of rhizobia.
There is an increasing evidence that leguminous crops in tropical areas
are not as effectively nodulated as they could be, and the inoculation with
specific strains of rhizobia has been shown to produce significant response
even in areas where the crop under tePt has been 1.radt-ion!an!! y ,oll, e.g. in
Madagascar (Denarie 1968), in India (Belasemdaram V.R; Iswaran V;
Rao W.V.B.S. 1970)and in Egypt (Loufti, El Sherbini and Ibrahim 1966).
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TABLE I Recorded responses in the last decade where yield of grain legumes has
increased following application of trace elements in the fertiliser mixture.
Single element responses:-
ELEMENT
B
B
B
B
B
Co
Cu
Fe
Fe
Mn
in
Yin
Mn
DinM
Mo
Mo
Mo
Mo
Mo
Mo
No
Mo
Mo
Ho
Mo
Mo
Mo
Mo
t10
IIo
Mo
Mo
Mo
Io0
Mo
Mo
CROP
Pea
Bean
Groundnuts
Beans
Beans
Soyabeans
Soyabeans
Soyabeans
Groundnuts
Groundnuts
Peas
Soyabeans
Groundnuts
Soyabeans
Pea
Soyabeans
Horse beans
Soyabean
Pea
Vetch
Horse beans
Pea
Pea
Groundnuts
Beans
Soyabeans
Horse beans
Soyabeans
Horse beans
Vetch
Soyabeans
Peas
Soyabeans
Peas
Groundnuts
Peas
Soyabeans
Soyabeans
Soyabeans
REGION
Estonia
U.S.
Russia
Poland
China
Russia
China
East Africa
East Africa
England
USA (Ohio)
India (Madras)
USA (Florida)
Russia
China
Russia
Siberia
Russia
USA (Wisconsin)
Russia
Senegal
Bulgaria
Siberia
Russia
China
Russia
Russia
France
Hungary
USA
Russia
Java
Latvia
USA (Arkansas)
USA
Brazil
REFERENCE
Kalmet 1965
Harris & Gilman 1957
Berzipa 1965
Tuchoka, Szukalski, Kukurenda 1964
Chu, Liang, Chen 1963
Piroshnikov 1962
Chu, Liang, Chen 1963
Hartzook, Fichman, Karstadt 1971
Lachover, Fichman, Hartzook 1970
Rose, Dermott 1962
Mederski, Hoff, Wilson 1960
Sanjeevaiah 1969
Robertson, Thompson 1969
Kanijnine 1965
Chu, Liang, Chen 1963
Bashinskaya 1966
Sakolova 1966
Gladkii 1965
Hagstrom & Berger 1965
Eamynine 1965
Martin & Fourrier 1965
Radomirov 1965
Kurkaev & Golov 1964
I'usakanov 1964
Chu, Liang, Chen 1963
Silchenko 1963
Zhorikov 1963
Bertrand 1962
Gleria & Tamasy 1962
Parker & Harris 1962
Ozolinya & Zhurovskaya 1959
Newton & Said 1956
Peive & Rinko 1957
Joseph, Maples, Hardy 1971
de Mooy 1970
Ruschel, Britto, Carvalho 1969
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ELENENT CROP
-,o Soyabeans
KI'o Peas
if'o Peas
lo 0 Kidney beans
IHo Phaseolus
vulgaris
i.o Peas
Iio Peas
K.o Peas
Io Groundnuts
No Beans
(Vicia faba)
,o Pea (Pisum
sativum)
IIo Soyabeans
V Kidney beans
V Pea
V Pea
Zn Ragi (Eleusine
coracana)
REGION
China
India (Madras)
India
Bulgaria
Bulgaria
Russia
Russia
USA (Wisconsin)
W. Africa
Bulgaria
Russia
USA
Bulgaria
R^ussia
Bulgaria
USA (Florida)
REFERENCE
Lee, Tang, Tsai 1967
Sharga & Jauhari 1970
Kherde & Yawalkar 1966
Iikolov & Peterburgski 1967
Radomirov, Kasarowa, Stoimanov 1969
Muravin, Shumilin 1969
Xamijnine 1965
Hagstrom & Berger 1965
Martin & Fourrier 1967
Todorov 1963
Zhorikov 1963
Lavy & Barber 1963
Nikolov & Peterburgski 1967
ICamijnine 1965
Peterburgski 1966
Hutton & Fiskell 1963
Zn Soyabeans USA (Washington)
Z. Soyabeans China
Zn Peas USA (Nichigan)
Beans
Zn Groundnuts India (nysore)
Zn Beans (Phassolus USA
vulgaris L)
Zn Becas (Phassolus USA
vulgaris L)
Zn Beans (Phassolus USA
vulgaris L)
Multiple Effect
B + Co + Ho Horse beans Russia
B + Cu + I Horse beans LatviaCu + Mo3
Cu + RI + MotHorse beans RussiaNo + B 
Cu + Mo Lupins Russia
Soyabeans
Nelson, Roberts, Nelson 1962
Chu, Liang, Chen 1963
Brinkerhoff, Ellis, Davis 1966
Yadahalli, Radder, Pattil 1970
Melton, Ellis, Doll 1970
Wallace, Romney, Hale 1969
Judy, Lessman, Rozycka 1964
BUrzipa 1965
Bambergs 1964
Elincare 1964
Zhiznevskaya 1961
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Effect of nitrogen fertilisers: - For all the nutrient elements re-
quired in trace quantities, there is competition between the nodule and the
plant for what is available. It is in terms of this competition that the
effect of supplies of combined nitrogen can best be understood. There are
three aspects. In the past it has been accepted that the effect of nitro-
genous fertilisers has been to depress nodulation. Numerous papers have
demonstrated this and several of these are reported in earlier papers at
this symposium. A second aspect which has been reported on more recently
has been the stimulating effect on nodulation of small additions of nitro-
genous fertiliser. The third aspect is the even more recent demonstration
that additions of nitrogenous fertiliser late in the growing period can
enhance the nitrogen content of the crop.
The effectively nodulated plant, growing in the absence of any extra-
neous source of nitrogen compounds is clearly a system in balance. Some of
the photosynthate produced by the cotyledons and early leaves passes down
the roots to the bacteroids in the nodule, which can utilise it to fix at-
mospheric nitrogen into forms which become available to the plant. The need
of either the plant or the nodule for the supply of any trace element must
consequently remain in balance.
The effect of this balance has been illustrated for copper, which has
been shown on numerous occasions in the past to be essential for plant
growth and more recently to be essential for nitrogen fixation (Hallsworth,
Wilson and Greenwood 1960). The plant and the nodule system can be considered
as two alternative sinks into which the copper supplied to the plant can be
directed. Where the nodulated legume is entirely dependent on the nodules
for its supply of soluble nitrogenous compounds, its growth and hence its
demand for copper is directly related to the quantity of nitrogenous com-
pounds received from the nodule. Any reduction in the supply of copper to
the nodule, because of an increased consumption by the plant, would be fol-
lowed by a reduction in the fixation of nitrogen by the nodule, which would
result in a reduction in the supply of nitrogenous compounds from the nodule
to the plant even though photosynthate was accumulating in the nodule
(Carwright and Hallsworth 1970). This is accompanied by a concomitant
reduction in growth and consequently in a reduction in the demand by the
plant for copper. The two alternative sinks for copper will thus remain
in balance.
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Where nitrogenous compounds are added to the plant/nodule system, as
occurs when nitrogenous fertilisers are used, the situation is changed. The
plant can now continue to grow without reference to the supply of nitrogenous
compounds from the nodule. The dimensions of the plant sink are increased
relative to those of the nodule sink, and in increasing proportion of the
copper available to the system goes to the plant. Where the copper supply
is limited, this results in a reduction of the quantity of copper available
to the nodules, and as the old ones wither away, the newly initiated nodules
will fail to develop. That this is the logical explanation of the classical
pattern of reduction or inhibition of nodulation following the application
of nitrogenous fertilizers, is supported by the finding that with suitable
increases in the level of copper supplied to the plant (Table 2) a 500-fold
increase in available nitrogen can be accepted without significant reduc-
tion in weight of effective nodules (Hallsworth, Greenwood and Yates 1963).
It can be noted also in 'able 2 that increased N-supply leads to an
increase in the number of nodules, although in the absence of an increase
in the copper supply very few of them become effective. Consequently,
under conditions where the copper supply is not limiting, the small addi-
tion of nitrogenous fertilisers would be expected to be beneficial to the
growth of the nodule system, particularly with the small seeded legumes.
The growth of the photo-synthesising system of the seedling depends on the
supply of combined nitrogen from the seed, and with a small seed this is
limited. The effect of an added supply of combined nitrogen at this stage
will be to increase the rate of growth of the leaves, and hence of the supply
of photosynthate to the nodule. This in turn would lead to a better supply
of combined nitrogen from the nodule system to the plant, always provided
that the elements needed for the nodule were not limiting. On soils very
low in available trace nutrients, no benefit would be expected to result
from early application of a small dressing of nitrogen unless at the same
time steps were taken to redress such deficiencies.
Whilst for most trace elements the effects will be analogous to those
with copper, for cobalt and perhaps vanadium this interaction between trace
element antd combifned nitrogen may be too slight to show. With cobalt,
which has been shown to be stimulating to the growth of the non-nodulated
or ineffectively nodulated legume (Hallsworth; Wilson and Adams 1965), a
1000-fold increase in the level of cobalt supplied was without effect on
the number or weight of nodules produced (Wilson and Hallsworth 1965).
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TABLE 2
Effect of variations in supply of copper and nitrate nitrogen en
the development of nodulation in T. subterraneum (var. ':t. Bar:':r)
Spring/Summer 1959
yiI N | 0.01 )iI Cu 0. luII Cu 1.0 240 Cu 5.0 u: Cu
(a) No. of nodules per plant (No. excised given in ( )):
Harvest I
1000 37. (1) 123 (45) 106 56) !15 (5S)
*1.56 0.20) *2.08 1.64) *1.98 1.72) * 2.16 1.77)
500 41 10) 96 50) 75 29) 50 24)
*1.60 0.92) *1.97 1.68) *1.85 1.46) *1.70 (1.38)
0 64 38) 33 18) 17 9) 9 (9)
*1.79 1.55) *1.49 1.22) *1.20 0.93) * 0.86 (0.8C)
Harvest II
1000 252 (2) 215 (128) 232 (86) 143 (102)
*2.58 (0.30) *2.26 (1.95) *2.32 (1.92) * 2.14 (2o00
500 131 (61) 116 (40) 91 (48) 58 (35)
*2.09 (175) *2.05 1.60) *1.96 (1.65) *1,75 (1.64
0 51 44) 32 (22) 31 (25) 10 (8)
*1.69 (1.62) *1.49 (1.33) *1.45 (1.34) * 0.96 (0.88)
*Mean log. 10 number
Difference for significance in log. numbers Total 5i 0.31; 1, 0.41; 0.1% 0.54
Excised 5?% 0.38; 1% 0.51; 0.1% 0.66
(b) Dry weight of excised nodules per plant (mg):
Harvest I 
1000 0.5 17 50 67
(0.00 *1.16 *1.69 * 1.80
500 2 18 19 22
*0.30 *1.16 *1.69 * 1.80
0 26 15 9 19
*1.38 *1.19 *0.89 * 1.18
Harvest II
1000 3 151 188 260
*0.36 *2.10 *2.27 *2.41
500 23 64 92 183
*1.33 *1.77 *1.68 *2.23
0 62 31 69 106
*1.72 *1.32 *1.73 *1.95
*Mean log 10
Difference for significance (log. wt) 5% 0.41; 1% 0.55; 0.1% 0.72!
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The use of small dressings of nitrogenous fertilisers as starters for
leguminous crops would consequently be expected to improve nodulation and
enhance yield, and this has been shown to be the case, the optimum level of
nitrogenous fertiliser depending on the conditions. (Litynski 1956, Thornton
1956, Young 1958, Dart & Wildon 1970, Ezedinma 1964).
The value of late applications of nitrogenous fertilisers on legume
crops to enhance yield or protein content has been investigated more re-
cently (see Hera, this symposium). The theoretical justification of this
is that the nodule system becomes less effective at the end of the growing
period, partly due to the soil drying out and partly to a diminution of
supply of photosynthate, since at this stage the developing seeds constitute
a major sink for carbohydrate produced. Late application of N as NH NO
has been shown to increase considerably the N content of pea shoots
(Schalldach and Schilling 1966), and the use of labelled nitrogen showed
that 70 % of the late-applied N has been used in synthesis of the lysine-
rich seed proteins legumin and vicillin. This, however, does not imply
that late application of nitrogenous fertilisers improve the quality of the
seed protein, for the total lysine-N content of the seed remained constant
at 80.6 % (Schilling and Schalldach 1966).
Whether the practice of late application of N is worth considering in
a major co-operative investigation in the developing countries is a moot
point. I would suggest that it is a refinement to be introduced later.
The potential enhancement of the protein level would seem to be too small to
justify the complications that would result from the introduction of such
a treatment.
Trace element of seeds used: -
In fertiliser trials in general, the only attention paid to the seed
is that it should be of an appropriate variety, disease free and of high
viability. No attention is paid to its composition. Since the amounts of
P, K, N, Ca and other macro nutrients present in the seed are insignifi-
cant in relation to the quantities that the plant will require during its
life-time, this neglect is justified, but with the trace nutrients the po-
sition is different, for the quantities of molybdenum, vanadium and cobalt
required by the crop may be extremely small. The quantity of these elements
present in the seed may vary widely, depending on the level available in the
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soil on which the plants from which the seed was obtained were grown. I
have found the Cu content of subterranean clover seeds to vary from 7 p.p.m.
in seeds grown on non-deficient soils in New South Wales to 3 p.p.m. on seeds
grown on copper-deficient soils in Western Australia, even where Cu con-
taining fertilisers had been used. Growing lupin seeds On a molybdenum defi-
cient soil in the English midlands reduced the Mo-content 10-fold when
compared with the mother seed. The likelihood that such variations in
seed content will affect the response in fertiliser trials is obvious. For
molybdenum, for example, it has been shown that soya bean seed grown in
six States in U.S.A. varied from 0.6 to 22.4 p.p.m. Mo, and that plants
grown from the seed containing 22.4 p.p.m. Mo failed to show any response
to the application of Mo-fertilisers (Harris, Parkes and Johnson 1965).
An increase in molybdenum in the seed has also been shown to occur follow-
ing liming or applying Mo as a foliar spray, the high molybdenum seeds
supplying the No needs when grown on Mo-deficient soils, but there was
very little carry-over into the next crop (Gurley and Giddens 1969).
In field experiments designed to investigate the responses of legumes
to the application of trace elements, it is consequently essential that
the level of trace elements present in the seed it is intended should be
used is known, for high seed content of No, V, Co and Cu at least, may
vitiate the results obtained in annual crops.
Method of application of trace elements: -
The response to trace elements added as fertilisers also varies with
the manner in which they are applied. Since the quantities needed are
very small, the distribution of the chemical concerned over the entire
surface of the area to be planted is likely to be unsatisfactory, or to
require larger applications. For the many trace elements applied to
pasture legumes in Australia the technique that has proved very successful
has been to mix the salt, oxide, etc. of the element concerned with super-
phosphate, which may then be broadcast. This technique has been used for zinc,
oopper or molybdenum treated superphosphate. For wheat or peas, the copperized,
zincized or manganized superphosphate has been drilled with the seed. In
both of these techniques, the placing of the-trace element at the same series
of points at which the phosphate is concentrated has resulted in effective
absorption of the trace element concerned, presumably because the roots of
the plant concentrate around the granules of superphosphate. This treatment,
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however, is used where large areas are to be treated, by farmers accustomed
to the use of large machinery. On the uncultivated pasture lands, success
has generally attended the practice of coating the seeds with superphosphate
containing the element, sometimes coated further with ground limestone and
spreading the fertiliser from aircraft. There have been reports that coating
inoculated weed with superphosphate and ground limestone have had a de-
pressing effect on yield (Mascarenbus, Myasaka, Freire et al 1967).
For seed legume crops, particularly when grown on the smaller areas more
characteristic of tropical agriculture, neither of the Antipodean practices
described above may be satisfactory. As an alternative, the practice of
soaking the seeds in solutions containing the element concerned have been
found successful in several parts of the world. With molybdenum the rate of
.3 to 8 gr per kilo seeds have been found to give satisfactory response, but
when treated seeds were stored at high humidity a considerable loss in ger-
mination resulted. (Johnson, Harris and Parker 1960). Soaking beans in
0.02 % solution of manganese sulphate, ammonium molybdate and zinc sulphate
has also been reported to be satisfactory (Phillipova K.F: Kalatove S.S. and
Ovchara K.E. 1965). With soyabeans, molybdenum applied to the seeds at
sufficient to give a rate of 28 grams/hectare was quite satisfactory, and
gave as good a yield increase at 6-12 times the quantity applied as a foliar
spray (Thomson 1965).
Although soaking the seed in solutions of the trace nutrient before
inoculating with rhizobia has been generally successful, the alternative
of adding the element (M1) to seeds treated with peat based inoculum has
not, up to 99 % of the rhizobia being killed as a result.
Satisfactory responses have also been reported on numerous occasions
when the trace element has been applied as a foliar spray to the young crops,
but for most purposes this would seem to be the least satisfactory, and only
to be adopted if both seed treatment with the trace element, or mixing the
trace element with another fertiliser such as the phosphate was unsatisfac-
tory. Direct application of the trace element to the soil, by broadcasting
or drilling would seem to be generally unsatisfactory except perhaps for
copper on highly organic soils, when rates of CuS047 H20 of up to 48 kg/h
may be required.
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Planning: -
in planning for fertiliser experiments with legumes it is consequently
necessary to take into account three factors, as well as the levels of the
major nutrients P & K. The first is that steps should be taken to secure a
strain of rhizobia known to be effective on the legume concerned, and to
arrange that inoculation of the seed is carried out in such a manner that
an adequate number of viable rhizobia are still on the seed when it is
finally sown. Storing seed that has been inoculated and dusted with ferti-
liser has too often in the past been found to be associated with loss of
viability of inoculum.
The second is that an effectively fixing nodule system needs a number
of trace elements and unless all are preseit in the soil in adequate quanti-
ties, some or all of the trace elements will need to be added. In the ab-
sence of any information about the soil concerned it is necessary that at
least one treatment of the experiment should include all the trace elements
required. If these mixtures of the salts or oxides of the trace elements
are to be compounded some time before application, it will be necessary to
check beforehand that the availability to the plant of the elements in the
mixture does not fall during storage.
The third is that the method of application of the trace elements to
the crop needs to be standardised between the different localities, for the
variations in response that can result from the method of application can
easily outweigh the other effects.
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THE SOIL CHEMIGAL ENVIRONMENT IN RELATION TO
SYMBIOTIC NITROGEN FIXATION
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ABSTRACT
This paper reviews the principles elucidated in the relations
between the soil chemical environment and symbiotic N fixation in
legumes.
Several phases of the overall process of N fixation are
recognized. The peculiar sensitivity of each phase to particular soil
conditions renders the whole process sensitive to that condition.
Survival and growth of some nodule bacteria are especially sensitive
to soil acidity mainly through effects of H ions but probably also
through effects of Ca ions in the rhizosphere. Nodule formation in
some species is sensitive to H ions, to combined N, and to B. Nodule
function in all species needs more Mo and Co than does plant growth:
in at least some species it may need more Ca. Host legumes are also
sensitive to adverse soil conditions but variation among legumes is as
great as between legumes and other species.
Successful treatment of adverse soil conditions requires an
understanding of the fundamental nature of the problems for the
particular legume concerned. Specifid treatments should be devised
to correct the adverse condition and blanket treatments should be
avoided. Resolution of the factors involved in responses of temperate
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pasture legumes to lime provide outstanding examples of the value of
this approach. They provide excellent models of an approach which can
profitably be used in the study of the fertilizer needs of all legumes,
including those grown for grain production in tropical areas.
I. INTRODUCTION
I have been asked to review the relation of the soil chemical
environment to symbiotic nitrogen fixation with special emphasis on the
production of legume grain in tropical and sub-tropical regions. I do
not propose to make a catalogue of responses obtained by specific crops
in certain regions but rather I propose to discuss the principles
involved in the relations between soil properties and symbiotic systems.
II. SYiBIOTIC NITROGEN FIXATION
The soil chemical environment may profoundly affect symbiotic
N fixation in each of 4 phases of the overall process:-
1. Survival and growth of nodule bacteria
2. Nodule formation
3. Nodule function
4. Growth of the host legume.
Each of these phases has some particular requirement which
makes it peculiarly sensitive to the soil chemical environment. These
are of special interest since they make the whole process of N fixation
peculiarly sensitive to that soil condition. Moreover, an understanding
of the relation between soil conditions and the nature of their effects
on symbiotic N fixation has frequently assisted in the diagnosis and
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treatment of field problems. This paper will therefore consider the
relationship of those factors in the soil chemical environment which
have special significance to each phase of N fixation.
1. Survival and growth of nodule bacteria
Where they do not already exist in the soil, suitable strains
of nodule bacteria must be introduced with the legume crop. Masefield
(75) has pointed out that nodule bacteria for tropical annual legumes
fall essentially into 2 distinct classes - the cowpea type and other
types. Cowpea type bacteria are very widespread and will readily infect
appropriate, indigenous or introduced leguminous crops. Problems will
arise if the existing bacterial strain is not fully effective. For
other leguminous crops grown in the tropics (lentils, French beans,
sometimes soybeans and many temperate legumes grown at high altitudes -
lupins, peas, field beans), suitable nodule bacteria are usually absent
and effective strains must be introduced.
Nodule bacteria of the cowpea type differ so greatly from
other types in their physiological behaviour that some workers classify
them in a genus, Phvtomrxa, separate from Rhizobium (41). Such
differences appear to be important in some areas where soil character-
istics are associated with differences in the survival of cowpea type
bacteria and of Rh. trifolti (74): on grey, siliceous sands Rh.
trifolii was more sensitive to heat (73) and to antagonism by indigen-
ous micro-organisms (29, 31). Differences in sensitivity to the soil
chemical environment have yet to be shown to be important. However,
from a consideration of the origin and evolution of root nodule bacteria
Norris (88, 91) has postulated that the cowpea type bacteria should be
much more tolerant of soil acidity than other types and that this would
be a major factor in their distribution in soils. There is as yet
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little evidence to support this interesting hypothesis and its theoret-
ical basis has recently been challenged (98,99).
Where appropriate, effective nodule bacteria must be intro-
duced into soils with legume crops it is essential that soil conditions
permit their survival and growth. Only the soil, chemical environment
is discussed here and it must be remembered that the physical and
biological environment assume overriding importance in some situations
(95, 126).
(a) Soil acidity
Acidity is a particularly important factor in the growth and
survival of nodule bacteria in soils. Sensitivity of nodule bacteria
to acidity has long been thought to account for nodulation problems in
some legumes. For example, Anderson and Moye (10) observed that
subterranean clover sown on moderately acid soils (pH < 5.5)1 in south
eastern Australia nodulated poorly in the year of sowing unless soil pH
was increased by treatment with calcium carbonate: however, on untreat-
ed soils, nodulation improved steadily in successive seasons suggesting
that some factor was limiting the rate of growth of nodule bacterial
Increasing the numbers of bacteria at inoculation replaced the effects
of lime on nodulation of both subterranean clover (8, 117) and Medicago
species (80, 109)o Once nodulated, N fixation and growth of the legumes
did not respond to lime (10, 109).
The distribution of several Rhizobium species in soils also
suggests an important determining role of soil pHo The distribution of
Rh. meliloti in soils of Nebraska correlated strongly with soil pH and
1Soil pH determined in a 1/5 suspension of soil/water: soil pH values
vary greatly with the technique of determination (130), but unfortunately
few workers specify their technique.
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the bacteria were virtually absent in soils more acid than pH 6 (102).
In eastern Australia R. eliloti and Rh. trifolti were also virtually
absent from soils more acid than pH 6, even when the acid soils were
adjoined by less acid soils carrying dense swards of nodulated host
legumes (127). In New Zealand, Rh. meliloti was restricted to neutral
and alkaline soils: Rh. trifolii occurred more freely on slightly
acid soils (Greenwood 1964 cited by (106)) as would be expected from
its greater tolerance of acidity in agar cultures (55, 56).
Nodule bacteria also grow poorly or not at all when introduced
into acid soils. Although few strains have yet been tested in soils,
oowpea type organisms appear to grow almost as poorly on acid soils as
do other types of nodule bacteria. Thus, not only did Rh. trifolti
fail to grow but 6 strains of cowpea type organisms also grew poorly
when inoculated into acid soils of pH 4.8 to 4.9: when addition of
alkaline earth carbonates or hydroxides increased the soil pH to above
6, all organisms grew vigorously (91, 128). Hence the evidence fails
to support the suggestion that the ubiquitous distribution of cowpea
type nodule bacteria in tropical regions results directly from their
greater tolerance of soil acidity (88, 89)° It suggests rather that
all types of nodule bacteria grow poorly in soils more acid than pH 5
and that all respond strongly to increasing soil pH to near neutrality.
Some nodule bacteria appear especially sensitive to soil acidity:
Rh. meliloti disappeared from soils of pH 5.3 to 5.7 in the season
following its introduction with host seed: where treatments raised
soil pH to 6,8, abundant bacteria survived (123).
(i) Components of soil acidity
Acid soils are characterised by several properties potentially
harmful to nodule bacteria. In addition to their high concentrations of
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H ions, acid soils often have high concentrations of available Mn and Al
and low concentrations of available Mo, Mg, and Ca. Treatment of acid
soils with lime will usually modify all of these properties. While
there is little critical information on the sensitivity of nodule
bacteria to Me, Mn, and Al, there is evidence that nodule bacteria are
less sensitive than other phases of the symbiosis to low Mo and to high
Mn and Al. Experiments purporting to show the opposite effect - that
Mn toxicity specifically inhibits nodulation (35, 116) - fail to
establish this point: application of Mn salt depressed plant growth so
severely that it could have caused the concomitant depression in nodule
numbers.
Species and strains of nodule bacteria vary widely in their
acid tolerance. However, increasing H ion concentration in pure
cultures in solution or on agar strongly inhibits the growth of them
all - Trifolicae, Vicieae, and cowpea (53, 55, 56). Some strains of
nodule bacteria are so sensitive to acidity that their growth may be
inhibited at pH values which have no effect on growth of the host plant
(62). At very acid pH values the effect of acidity on growth of nodule
bacteria is not important in some legumes, since infection is completely
inhibited regardless of the number of bacteria present (see below). At
less acid pH values it may be very important. It probably explains the
marked effects of increasing pH in increasing nodulation of clover and
lucerne in moderately acid solutions with relatively low Ca levels: in
such solutions, increasing bacterial numbers increased the nodulation
of both species (lucerne pH 5.1 and 5.7, (83): subterranean clover
pH 5.0, (68)),>.
The divalent cations, Ca and Mg, have marked effects on
growth of nodule bacteria. Their effects are complex. An early
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report indicated that strains of Rh. trifoli grew poorly in colloidal
clay suspensions unless relatively large amounts of Ca were added: by
contrast, cowpea type organisms did not respond to Ca (71). Norris (88)
later confirmed this observation and suggested that Viceae-Trifolieae
type organisms had a higher Ca requirement than the cowpea type. His
subsequent extensive researches have failed to confirm any difference
between these groups of organisms in their Ca nutrition on soils or in
solution culture and the reason for their different behaviour towards
Ca in clay suspensions remains unknown (91).
When grown in solution in isolated cultures, all nodule
bacteria require only traces of Ca (22, 62, 90, 91, 118, 124, 125).
They require somewhat larger quantities of Mg (90, 91, 125). In addit-
ion to their specific requirements for Ca and Mg, nodule bacteria have
a relatively large non-specific requirement for divalent cations. Con-
sequently a shortage of either the Ca or the Mg ion will make a
relatively greater demand on the other ion (125). From these studies
of isolated organisms in solution culture, workers have assumed that
Ca would have no effect on growth of nodule bacteria at levels above
those required for plant growth (62), Norris (90, 91) has also
postulated that Mg should be especially important for growth of nodule
bacteria. But Vincent (126) has pointed out that, for growth of
nodule bacteria in the rhizosphere of legumes, some account would need
to be taken of the extent to which plants competed with bacteria for
Ca and Mg. Indeed, recent research has shown that Ca above levels
required for plant growth strongly stimulated the growth of nodule
bacteria in the rhizosphere of subterranean clover seedlings: at low
levels of inoculation, Ca also stimulated nodulation but, surprisingly,
Mg could only partially replace Ca (68). These results indicate either
that Ca and Mg modify the ability of the root to adsorb nodule bacteria
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or that the Ca-Mg environment for the growth of nodule bacteria in the
rhizosphere differs greatly from that in solution. Whatever the reason,
the growth of nodule bacteria in the rhizosphere of subterranean clover
can, under certain conditions, be far more sensitive to Ca or, to a
lesser extent, to Mg concentrations in solution than is nodule develop-
ment or host growth: once initiated, nodule development can proceed
at Ca concentrations even lower than those required for plant growth
(69, 86).
The effects of divalent cations on nodulation have only been
observed in solutions of moderate acidity (pH 4.5 - 5.5 in subterranean
clover (62, 68): pH 4.8 - 5.6 in lucerne (86)). Under more acid con-
ditions, as already mentioned, acidity completely inhibits nodulation
and Ca has no effect (pH 4.0osubterranean clover, pH 4.8 in lucerne).
At pH values near neutrality, plants achieve maximal nodulation at all
levels of Ca above those which are deficient for plant growth. In the
pH range between the upper and lower limits where Ca has no effect,
increasing Ca and increasing pH replace each other in their effects on
nodulation. This phenomenon, formerly so puzzling, now seems readily
explained by effects of Ca and H ions on the numbers of nodule bacteria
in the rhizosphere. It receives strong support from the evidence
already cited that the effects of both high Ca and high pH on nodulation
can only occur at low levels of inoculum in solution and can be
replaced by increasing bacterial inoculation to very high values.
Clearly the relation between the numbers of root nodule bacteria in the
rhizosphere and nodulation of subterranean clover and medics in
moderately acid media is in a state of delicate balance which can
easily be changed by one or more of several interacting ions - H, Ca,
and, to a lesser extent, Mg. All could be involved in nodulation
problems arising from poor survival and growth of nodule bacteria on
moderately acid soils.
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(ii) Correction of nodulation problems in acid soils
The conclusion that the problem of subterranean clover estab-
lishment on moderately acid soils in eastern Australia resulted from a
peculiar sensitivity of its nodule bacteria to soil acidity led to the
technique of coating seeds with calcium carbonate: apparently trace
amounts of calcium carbonate modify the soil micro-environment near
the seed sufficiently to permit survival and growth there of introduced
nodule bacteria (63). The same effect probably also explains the
success of lime-coated seeds in overcoming nodulation problems in peas
(Sniezko cited by (93)) and clovers (47, 48) in other areas.
Coating seeds with lime can only be expected to overcome
problems of nodulation in legumes on those soils whose acidity retards
growth of introduced strains of nodule bacteria but does not retard
growth of the host plant. It is possible that some species of nodule
bacteria which are very tolerant of high acidity are less sensitive to
acidity than host plant growth. However suggestions that nodule
bacteria of the cowpea group are so tolerant of soil acidity that their
hosts would not benefit from lime pelleting of seeds sown into acid
soils (92, 93) need re-evaluation. Recent evidence suggests that some
cowpea type bacteria may be mcre sensitive to soil acidity than growth
of their host legume. When sown into sand of pH 5.0 - 55, Acacia spp.
failed to nodulate even though growth of the host given combined N was
as good as at pH 6.5 - 7.0 where plants nodulated freely with organisms,
presumably of the cowpea type (43). In some acid soils nodulation of
these species could therefore be expected to respond to lime-pelleting.
Indeed, 4 species of tropical legumes which nodulated poorly with cow-
pea organisms on an acid soil (pH 4.3 in CaC12) gave 100r nodulated
plants when inoculated seeds were lime-coated: however, lime was not
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essential to this response since other pelleting materials were equally
effective possibly by an effect of the adhesive in influencing the
survival of bacteria on the seed (94). In other situations the
alkalinity of a lime-coat appears to harm cowpea type nodule bacteria
as Norris (91, 92) predicted it might. Thus, in near neutral soils,
lime-coating of lupins and serradella seeds depressed nodulation of
their seedlings by cowpea type organisms (100, 113). The reasons for
the variable response of cowpea type organisms to lime-coating are not
clear. A better understanding would help in the resolution of
nodulation problems of cowpea type host species on acid soils.
Even where the technique of lime-coating seeds overcomes
nodulation problems of legume species on acid soils it may not replace
liming for maximaL legume production. The need to treat many acid
soils with Mo is discussed later. In addition, some soils are suffic-
iently acid to restrict growth of the host plant through effects of
excess H, Mn, or Al ions and on these soils the crop will only achieve
maximal yields after amelioration of the acidity of the bulk soil
(e.g. 80, 81, 82, 101). Pelleting techniques should therefore only be
used to replace other soil treatments when soil conditions are adverse
for growth of nodule bacteria but not adverse to other phases of the
symbiosis.
(b) Fertilizers
Fertilizers can be toxic to nodule bacteria inoculated on
seed. Direct contact should be avoided. Acidity, as in superphosphate
(30) and heavy metals (Cu, Zn, (54): Mo, (39)) have been shown to act
as toxic agents.
(c) Organic matter
Addition of organic matter to soils has sometimes improved
nodulation of legumes (76). However there is no evidence that organic
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matter affects nodulation through chemical factors other than those
discussed in this or the next section. In hot climates, mulches of
organic matter could critically modify the physical soil environment
for survival of nodule bacteria (95).
2. Nodule formation
(a) Acidity
The striking effects of acidity on infection of roots by
nodule bacteria have already been mentioned. At pH 4.6 in lucerne
(83) and at pH 4.5 in peas (59) no nodules formed even when extremely
large numbers of bacteria were added to cultures. The bacteria con-
gregated on roots but root hairs either failed to develop properly, as
in peas, or failed to curl as in lucerne. mnns (85) postulated that
acidity inhibited infection by inhibiting activity of the ezo-enzyme,
pectinase: he observed that pectinase, was almost completely inhibited
in lucerne at pH 405.
Once infected, nodule formation, N fixation, and plant growth
can proceed at pH values too low for infection (59, 68, 83, 85).
(b) Calcium
Earlier conclusions that Ca inhibits nodule formation (62)
have now been shown to be invalid as the result of experiments,
discussed above, demonstrating that Ca can increase the number of
nodule bacteria in the rhizosphere. Moreover, once initiated, nodule
development in both subterranean clover and lucerne was able to proceed at
Ca concentrations in solution too low even for plant growth (62, 86).
(c) Boron
In 1925, Brenchley and Thornton (27) observed that B-defic-
iency inhibited the development of vascular strands from roots to
nodules in beans: bacteria did not form bacteroids and appeared to
become parasitic on the cells in the nodule. They suggested that B
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had a specific effect on N fixation. Mulder (79) confirmed this
suggestion in peas but only at very low levels of B supply. At low
levels of B supply, peas without N salts developed symptoms of N-defic-
iency and did not develop any symptoms of B-deficiency. Addition of N
salts overcame N-deficiency symptoms, promoted growth, and induced
symptoms of B-deficiency. By contrast, at higher but still deficient
levels of B supply, peas given no N salts fixed N, developed symptoms
of B-deficiency, and did not respond to addition of N salts. Mulder
concluded that the host plant had a higher requirement for B than did
development of the nodule. More likely the results reflect the critical
importance to the expression of B-deficiency symptoms of plant develop-
ment at the time B becomes deficient. All meristems are extremely
sensitive to B-deficiency during their development but mature organs
are relatively insensitive. As a result, B-deficiency may induce N-
deficiency when B becomes deficient during the formation of nodules but
not when B becomes deficient after nodule formation has been completed:
in this latter stage, B-deficiency would not hinder N fixation and
symptoms would develop as B-deficiency of the host plant.
(d) Combined nitrogen
Combined nitrogen depresses nodulation of many legumes by
many strains of organism - cowpeas, vetch (33), clovers (40), peas (79),
lucerne (105). Very high concentrations of N (c. 4 mM NO) are required
to completely inhibit nodulation. The most effective forms of N are
NO0 and NO which possibly act by destroying 1AA which, in clovers, is3 2
active in root-hair curling and infection. Other forms of N may also
suppress nodulation possibly by influencing other stages in the process.
Concentrations of N as low as 0.5 mM may delay nodulation when present
as NO3 but have no effect when present as NH+, asparagine, or urea (40).3
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In many situations low concentrations of combined N enhance
nodulation as, for example, in lucerne (84) and in cowpeas (33). This
appears to be a secondary effect of N treatment resulting from the
habit of nodules in this plant to develop in successive crops and from
the primary effect of treatment in delaying nodulation: because of the
delay in nodulation, N-treated roots have more foci for infection when
it does occur. The pattern is repeated in subsequent crops of nodules
so that the effects of treatment on nodulation vary with the time of
harvest. In all cases the primary effect of combined N appears to be
one of depressing nodulation (84).
Combined N also has marked and complex effects on N fixation.
As a result it is difficult to assess the likely importance of the
effects of combined N on nodule development to symbiotic N fixation
in the field.
3. Nodule function
(a) Molybdenum
Field responses of plants to Mo were first observed in
subterranean clover growing on acid, ironstone soils in southern
Australia (6). Deficiencies of Mo are now known to be widespread in
leguminous crops and pastures, on a variety of soils in all continents.
In herbage legumes, Mo-deficiency occurs almost invariably as N-
deficiency: responses of herbage legumes to Mo may be largely or
entirely replaced by N fertilizers even when they depress absorption of
Mo from soilss This is not due to any effect of Mo-deficiency on
nodulation but to a specific and striking effect of Mo-deficiency in
inhibiting the bio-chemical reactions of N fixation (13, 15).
Legumes also require Mo for their growth when given
fertilizer N but the amounts of Mo required are very much smaller than
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those required for symbiotic N fixation. The amounts of Mo required
by plants for their growth and for N fixation are very small. Indeed
legumes such as beans and peas may contain sufficient Mo in their seeds
to sustain production for a full generation (50, 77) and may prevent
development of Mo-deficiency in crops grown from seeds imported into
low Mo regions (132). This can make diagnosis of potential Mo-deficiency
problems difficult with grain crops (57). The difficulties can be
accentuated by ineffective nodulation of the legume or by tillage
practices which release soil N.
Molybdenum-deficiencies have been reported for several legume
grain crops in temperate areas (see (8)), and for peanuts in Java (87).
All evidence indicates that the special relationship of Mo to N-fixation
in temperate legumes is universal for all legumes, including those of
tropical areas.
(b) Cobalt
There is as yet no satisfactory evidence that plants require
Co for their growth in the presence of No But nodule bacteria require
Co for their growth in pure culture (67) and nodulated legumes clearly
require Co for symbiotic N fixation (1, 2, 34).
The amounts of Co required for these purposes are extremely
small, being even less than the amounts of Mo required for these
functions. As a result, the presence of Co in seed imported from other
areas may make diagnosis of Co-deficiency in test areas difficult.
Nevertheless Co-deficiency has been reported for subterranean clover
growing on siliceous sands in the field (97, 103). In these cases,
Co-deficient legumes were nodulated and showed symptoms of N-deficiency.
There is as yet no evidence that Co-deficiency induces nodulation
problems in soils although this could be expected on soils extremely
deficient in Co.
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(c) Calcium
Calcium-deficiency, like Mo-deficiency, may depress the growth
of the host legume when severe, and interfere specifically with the
process of N fixation when moderate (20, 42, 60). But unlike Mo-defic-
iency, Ca-deficiency seldom appears as a simple N-deficiency in
legumes: specific symptoms of Ca-deficiency usually appear with those
of N-deficiency. How Ca-deficiency interferes specifically with N
fixation is not known.
(d) Acidity
Nodulated legumes frequently become yellow and N-deficient on
acid soils. In these situations legumes often, but not invariably,
respond to lime. Several phenomena may be involved and successful
treatment requires an appreciation of the factors responsible.
Occasionally Ca-deficiency is responsible as, for example, in
subterranean clover on acid peaty sands. Here the symptoms were
expressed as a combination of symptoms of N-deficiency and of Ga-
deficiency of the host legume. Dressings of calcium sulphate were
ineffective on such acid sands and the problem was only cured by treat-
ment with heavy dressings of lime (37). On low-Ca, high-Na or high-Mg
soils, liming would not be needed.
More frequently, Mo-deficiency causes legumes to be N-defic-
ient on acid soils. Liming may or may not overcome this problem. Where
liming overcomes the problem, it does so as a result of the release of
Mo from soil colloids by increasing pH (11). The extent of the lime
response varies with the amount of Mo released from Mo-deficient soils
by liming: where soils are low in native Mo, liming may have no effect,
but where soils are high in native, unavailable Mo liming may increase
Mo content of legumes to levels harmful to livestock (8).
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Many Mo-deficient soils are also sufficiently acid to induce
nodulation problems in the absence of lime. However, the effects of
lime in releasing Mo from soils are quite distinct from those in improv-
ing nodulation (8, 10). Failure to recognize this point may result in
failure to diagnose Mo-deficiency because of unsatisfactory nodulation
(e.g. by the failure to nodulate crops with effective strains of nodule
bacteria at sowing) or in failure to diagnose nodulation problems
because of an unsatisfactory Mo supply (e.g. by expecting lime to
release Mo from soils in which Mo is totally deficient)o Unfortunately,
a great deal of research has failed to recognize the need to correct
both problems on acid soils and as a result, interpretation of lime
responses, especially in tropical legumes, has often been confusing.
(e) Combined nitrogen
The amount of N fixed by various legumes seems to .rary
directly with the plant's demand for N. Consequently soil N can
influence N fixation in a number of ways (see reviews 121, 126). The
primary effect of combined N is to suppress N fixation. For example,
the amount of N fixed by peanuts, soybeans, lucerne, and clovers
decreased with increasing levels of combined N beyond those necessary
for growth (4, 5). However, the extent of the inhibition varies
greatly with plant species, strain of nodule bacterium, growth condit-
ions, and the time and level of N application. In some cases, as with
vigorously growing cowpeas, combined N may stimulate the amount of N
fixed: this may indicate that judicious use of N fertilizers at
strategic times during plant growth and nodule development could be
beneficial to N fixation in soils of low N status (33).
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4. Growth of the host legume
Even when soil conditions permit the formation and the
function of nodules to proceed satisfactorily, the symbiotic system may
fail to fix much N because soil conditions do not permit satisfactory
growth of the host legume. Soil conditions which limit N fixation
through effects on the growth and metabolism of the host plant are
characterised by the failure of the legume to respond to fertilizer N.
In their response to these soil conditions, legumes thus behave in the
same way as do plants which do not fix N. Consequently, in the present
context, no special interest attaches to these soil conditions unless
legumes are unusually sensitive to them.
Before discussing the sensitivity of legumes to adverse soil
conditions, it is useful to consider briefly how nutrients affect the
growth and the N metabolism of the host plant itself.
(a) Nature of interference with legume growth
Soil conditions which interfere with host plant growth may be
divided into 2 categories - those which restrict N metabolism of the
host plant thereby causing its N concentrations to fall and those which
restrict some other process of growth in the host thereby frequently
causing N concentrations to rise.
(i) Interference with metabolism of fixed nitrogen
Several nutrient deficiencies restrict host plant growth by
interfering with its metabolism of fixed N. Deficiency of S in
subterranean clover behaves in this way. Anderson and Spencer (12, 14),
noted that S-deficient plants had low concentrations of N and appeared
pale green as if N-deficient. But, unlike pale green, Mo-deficient
subterranean clover, S-deficient subterranean clover failed to respond
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to fertilizer N. Deficiency of S prevented the conversion of non-
protein N to protein and did not interfere primarily with the process
of N fixation. In other legumes and in non-legumes, S-deficiency
interferes with N metabolism in a similar way (see 36).
Deficiencies of Cu and of P under some circumstances may also
depress the percentage N in subterranean clover plants (28, 42, 72).
However, no responses to N have been reported and it is not yet clear
whether these deficiencies interfere with N metabolism of the host or
specifically with reactions of N fixation. More generally, P-deficiency
increases the N concentrations in the host legume, indicating a prime
effect on some other aspect of host plant growth as discussed below.
(ii) Interference with other processes
Most nutrient deficiencies and soil toxicities do not inter-
fere primarily with N metabolism but with some other process of growth.
For example, Ca-deficiency may develop in the host before soil N has
been depleted. In both soybean (3, 52) and in subterranean clover (60)
severe Ca-deficiency depressed N-fixation manyfold by inhibiting host
growth. By contrast with the effects of moderate Ca-deficiency which
interfered with the functioning of the symbiotic process itself, severe
Ca-deficiency actually increased the concentration of N in plants and
addition of fertilizer N failed to increase their yieldo Many other
nutrients behave in a similar way - Zn (79), K (24), P (120).
Toxicities of Mn (e.g. various tropical and temperate pasture
legumes (17), beans (115), peanuts (25)) and of Al (e.g. lucerne (49, 81,
82), soybeans (38))may also severely depress host plant growth: there
is no evidence that excess concentrations of either of these elements
interfere with other phases of the symbiotic system before they affect
host plant growtho
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(b) Sensitivity of legumes
Phosphorus and S deficiencies are emerging as major problems
to growth of legumes and other crops in tropical and sub-tropical
regions (96, 114, 119, 129). Phosphorus-deficiency is widespread and is
frequently severe. Some tropical soils have notoriously high capacities
for fixing P and most crops, including grain legumes, require very large
fertilizer dressings to achieve maximal production. Sulphur-deficiency
has also been recognised in many areas. Its importance may be expected
to increase for 2 reasons. Firstly, high P fertilizers of low S content
are replacing superphosphate for treatment of P deficiency in crops.
Secondly, in many soils in high rainfall regions, the residual value of
S in fertilizers is much lower than that of P (21, 46).
In addition to P and S, many other nutrients can be expected
to affect growth of tropical grain legumes on particular soils. But,
apart from their insensitivity to low levels of combined N in soils,
legumes as a group do not behave towards adverse soil conditions in
ways which are very different from all other species. Suggestions that
legumes have especially high requirements for P and for Ca do not seem
valid for reasons discussed below.
Legumes have frequently responded dramatically to P-fertilizers
while grasses in the same pasture have shown little or no response.
Experiences of this nature may have led to erroneous conclusions that
legumes have unusually high P requirements. Usually they indicate that
the soils under investigation are N-deficient as well as P-deficient.
When N is added to such soils, grasses respond strongly to P-fertilizers
and may even suppress legume growth by competing with legumes for P (120).
Similar differences between legumes and grasses may be expected in their
response to many nutrients on soils with concomitant N-deficiency (e.g.
S-deficiency in subterranean clover (14), and in medics (51)).
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The high Ca content of legumes compared with grasses has led
to suggestions that they have unusually high Ca requirements. Legumes
do indeed seem to need about twice as much Ca in their tissues as do
cereals and grasses. But since they absorb Ca much faster than do
cereals and grasses, legumes are no more sensitive to Ca-deficiency
where the deficiency develops as the result of low but rapidly replen-
ished Ca concentrations in solution. But where Ca-deficiency develops
as the result of depletion of a limited amount of Ca in the root zone,
legumes will be much more sensitive to Ca-deficiency than grasses and
cereals. However, herbaceous dicotyledons also absorb Ca very rapidly
and would be as sensitive to Ca-deficiency as most legumes (64, 65, 66).
Legumes which bury their fruits show an exceptional sensitivity of fruit
development to Ca: this is discussed later.
Suggestions have also been made that tropical legumes are much
more tolerant of low Ca than are temperate legumes (18). The evidence
indicates rather that both groups of legumes vary widely in their
response to dressings of Ca fertilizers (126). Moreover, response to
Ca fertilizers frequently involves factors other than Ca nutrition,
Thus dressings of Ca salts have complex effects on both the concentrat-
ions of other ions in and the absorption of other ions from the soil
solution. For example, because Ca stimulates P absorption strongly,
plants may respond to Ca in solutions containing low concentrations of
P but may fail to respond to Ca in solutions containing high concentrat-
ions of P: the effect is more marked in some species (e.g. medics) than
in others (e.g. subterranean clover (107)). Calcium can also suppress
Mn absorption and in this way can prevent Mn toxicity from developing
(e.g. in medics (108)). Such indirect effects of Ca may explain some
of the apparent differences in the Ca requirements of legumes as for
example, between Mt. Barker strain of Trifolium subterraneum which
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grew well with 2.5 /M Ca in nutrient solutions and 0.2% Ca in its tops
and Medicago truncatula which grew poorly at these Ca levels and
responded strongly to increasing Ca up to 1000 /uM in solution and 2.5%
in its tops (64, 66, 66a).
In soils, interpretation of responses to Ca fertilizers are
further complicated by changes in concentrations of ions other than Ca
in the soil solution. Thus applications of Ca sulphate or chloride
increase the acidity of the soil solution and often also increase Mn
and Al and decrease Mo concentrations. Applications of calcium
carbonates or oxides have opposite effects on the concentrations of
these ions. For growth of the host legume on acid soil, Mn and Al
concentrations may be particularly important, since these ions may be
toxic to legume species. Treatment of Mn and Al toxicities is expens-
ive since it generally requires the treatment of soil to some depth
with heavy dressings of lime. It may be preferable to grow alternative
species or cultivars with greater tolerance of high concentrations of
Mn and Al in the soil solution: for example, subterranean clover is
much less sensitive to Mn and to Al toxicities than are medics (49, 108)
and soybean cultivars vary in their sensitivity to Al toxicity (38).
As with other factors which affect host plant growth, there is
no evidence that legumes are any more sensitive to Mn and Al toxicities
than are plants from other groups. Host plant growth of individual
genera, species, or cultivars within the legumes shows a vast range of
sensitivity to various soil conditions. Their behaviour probably
encompasses the exteremes in behaviour of all plant groups. Therefore,
there is no reason to treat the response of the host legume to
fertilizers any differently from the response of any other crop on a
soil well supplied with N, Indeed it is often desirable to consciously
treat the legume as a non-legume and to supply it with an adequate
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supply of fertilizer N. In this way the response of the host legume
to other fertilizers can be examined independently of any special
problems associated with the symbiotic system (111).
III. GRAIN PRODUCTION
Much of the N fixed by legumes during their vegetative growth
is transported from other organs to flowers and to grain during their
development. Fixed N may also be supplied directly from the nodules
to the reproductive organs. But the extent to which symbiotic fixat-
ion can supply all the N required for maximal grain production in
legumes is not clearly established. Some experiments show no response
to N fertilizers while others show large responses (122). However, it
is important to emphasize that in no case showing large effects of
fertilizer N on grain production has the effectiveness of the bacteria
in the nodules been unequivocally established: the responses could
have resulted from an inefficient N fixing system. More critical work
is needed on this question.
Other nutrients affect grain production in legumes in much
the same way as they affect seed production in all species. Nutrients
which move in plant phloem (P, S, K) move readily from other organs to
developing seeds. However, nutrients, such as Ca, B, and probably Cu
and Fe, which do not move in phloem, can not move to developing fruits
from leaves even when they are present there in luxury amounts (23).
As a result, the plant can only supply these nutrients to developing
flower and seed via the transpiration stream. Seed development is
therefore usually dependent upon a continuous external supply of all
phloem-immobile nutrients. This makes seed production much more sens-
itive to deficiencies of phloem-immobile nutrients than to phloem-
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mobile nutrients. When phloem-immobile nutrients become deficient in
the later stages of growth, vegetative growth may be unaffected but seed
development may fail completely as reported, for example, in B-deficiency
of clover on some soils (58). Nutrients such as Zn, Mg, and Mn appear
to be intermediate in their ability to move from leaves to developing
flowers and fruits. For example, in plants containing luxury amounts,
Zn. moved in appreciable quantities from leaves to flowers and fruits
but none moved in plants with deficient or marginal Zn supplies (104).
Special problems are encountered with phloem-immobile nutrients
in legumes such as peanuts which bury their seed. Seed burial eliminates
transpiration to developing peanut fruits (131). As a result, any
phloem-immobile nutrient such as Ca must be absorbed directly from the
soil surrounding the developing peanut fruit (44). Since the fruits
and roots of peanut plants differ in their characteristics of Ca absorpt-
ion from soil colloids (78) seed production and vegetative growth may
respond differently to soil Ca levels. Indeed it has long been known
that, whereas a low level of Ca is adequate for vegetative growth of
peanuts, a relatively large supply is necessary for proper development
of fruit (32).
Other phloem-immobile nutrients may also need to be supplied
directly from the soil to developing underground fruits. Where the
buried fruit is more sensitive to adverse soil conditions than is
symbiotic N fixation or growth of the host plant, the requirements of
the fruits will determine the soil treatments for optimal grain product-
ion. Fertilizers would need to be incorporated into the surface layer
of soil and would be ineffective if drilled. Once again, the peculiar
sensitivity of a particular phase of growth is seen to dominate the
response of the legume to the soil environment.
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IV. CONCLUSION
This review has surveyed the problems which can arise in
legume production from various factors in the soil chemical environment.
It has stressed the value of understanding how each factor influences
each phase of the symbiotic system for the legume crop under study.
It has shown how this knowledge can result in the solution of problems
by use of specific treatments which are much more reliable than blanket
treatments. This approach has proved particularly valuable on acid soils
where lime dressings were shown to have several effects which could be
replaced by simple, specific treatments. It has the added advantage of
avoiding possible harmful effects of blanket treatments as, for example,
the inducement of Zn deficiency in legumes by liming (112).
While most of the examples cited involve work with temperate,
pasture legumes the general principles should be equally valid for
growth of all legumes. But because plant species and nodule bacteria
vary in their sensitivity to soil conditions, the relevance of specific
findings for one crop may not be directly applicable to another. They
must be assessed critically for each crop.
Diagnosis of adverse factors in the soil chemical environment
can be difficult and complex in legume crops. It is especially diffi-
cult where several factors operate simultaneously as, for example, in
the acid soils of eastern Australia where conditions are unfavourable
for growth of nodule bacteria and where Mo, P, and S may all be defic-
ient (10). Where such multiple problems exist, satisfactory diagnosis
of each problem can only be achieved when no other problem limits plant
growth, Anderson (9, 61) has pointed out that this is a direct consequence
of Blackmants law of limiting factors and has rightly emphasized its pre-
eminence in diagnosis of nutritional deficiencies of plants. In these
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situations, applications of fertilizers in traditional factorial com-
binations are sometimes less useful than are applications of fertilizers
in complex basal mixtures from which individual nutrients are omitted in
turn (7).
The problem of diagnosis may sometimes be simplified by using
fertilizer N to differentiate those factors influencing nodulation and
the symbiotic process from those affecting host plant growth. A sub-
stantial response of legumes to N fertilizers indicates that some factor
is limiting nodulation or N fixation: further definition of the limit-
ing factors may then proceed in the absence of fertilizer N. In this
case it is essential to have available a satisfactory source of effect-
ive nodule bacteria. This has often proved unusually difficult as, for
example, in many of the early attempts to establish subterranean clover
on problem soils in Australia which failed because inoculants were
ineffective (126): the resulting deficiency of N can limit plant growth
so severely that it prevents diagnosis of other nutrient problems.
Similar problems are likely to arise with grain legume crops in develop-
ing countries. They must be resolved before the limitations of the soil
chemical environment on the production of grain legumes can be completely
assessed.
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THE INFLUENCE OF PHYSICAL ENVIRONMENTAL FACTORS ON THE ACTIVITY OF
RHIZOBIUM IN SOIL AND IN SYMBIOSIS
by
P.S. NUTMAN
Soil Microbiology Department
Rothamsted Experimental Station, Harpenden, Herts, England.
Abstract
Nodule bacteria, which are abundant in soil only when associated with
their host legumes, are strongly influenced by adverse physical conditions
such as heat, drought and acidity. These factors also affect the intro-
duction of nodule bacteria into soil by natural or artificial means. Some
stages of root-infection, nodule development and function, are more sensi-
tive to adverse physical conditions than others, and nitrogen fixation
seems specially responsive to temperature, light intensity, day-length and
their interaction. The differential effects of genetic host/strain fac-
tors are discussed.
Radiation (including temperature) and water relations are clearly
concerned in the subject under review, and also aeration and the
physical effects of the concentration of ions in the soil solution,
particularly H. However, purely physical and chemical influences are not
easy to separate when mechanisms are incompletely understood. The p 02
or p N2, or the total ion concentration in the soil solution, may have
purely physical effects or impinge on the chemical reduction of nitrogen,
or may directly affect the host's nutrition. Also, it is difficult to
discuss pH without considering base exchange or Ca levels, or to cover
energy relations without including photochemical effects. Nevertheless
I shall interpret my subject restrictively, anticipating that gaps
will become filled during discussion.
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Before considering these matters, I will first remind you of the
characteristics of the Rhizobium cell and of the functioning root
nodule - of the structures involved in their different relationships
with the external physical environment.
Rhizobium is a rod-shaped Gram-negative organism, (0.5 - 0.9 x
1.2 - 3.qCm). It has a cell wall membrane overlying an intermediate
'rigid' layer of variable thickness, a cytoplasm enclosed in a unit-
membrane, a prokaryotie nucleus, ribosomes and sometimes contains poly-
hydroxybutyrio acid storage granules. Spores or resting bodies are
unknown. The cell can be motile by one or more flagella and can
produce copious amounts of polysaccharide slime. In culture the optimum
temperature ranges from 25 - 30° , and the lethal temperature is low
(between 30 and 40o), depending on species and strain. It can live
freely in the soil as an aerobic heterotroph, as well as symbiotically
in the nodule under conditions that are thought to be almost anaerobic
(Ie~kowski, Nutman, Skinner and Vincent 1968).
The nodule is much more complex. The outside coat of loose cortical
tissue offers some protection but little impedenoe to the free diffusion
of gases and solutes. In contrast, the interior tissue of the nodule
is enclosed in an endodermis(except at the meristematic tip), which,
possibly restricts the transfer of material between the nodule and
outside.
The nodule's central tissue consists of large isodiametric cells,
mostly closely adhering one to the other, except for a network of
intercellular air-spaces. Most of the cells of the interior are
infected by Rhizobium and the bacteria in them are enclosed in plant-
derived membrane. These bacteroids, as they are called, are much
larger than the free-living form. Their nuclear material is usually
reduced and they seem to have lost their ability for independent
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existence. The host cell, in contrast, retains all its normal organellest
membranes and granules, golgi apparatus and vesticles, plastids and
mitochondria. Incidentally most of the plastids and mitrochrondia are
to be found next to the intercellular channels, for which there may be a
good physical reason. The host cell nucleus is tetraploid or of greater
ploidy. The nodule vascular system has its own endodermic sheath and
regions of 'transfer cells' the internal wall surfaces of which are
very much extended by complex folding; these presumably function in the
movement of material to or from the nodule (Allen and Allen 1958, Mosse
1964, Dart and Mercer 1966, Pate, Gunning and Briarty 1969).
This general description fits all nodules, although there is very
much variation in detail depending upon host, strain and conditions.
Rhizobium in the Soil
Because Rhizobium species cannot be distinguished unequivocally
by cultural means, bio-assay must be used to study their behaviour in soil.
Dilutions of soil suspension are inoculated to sterile-grown plants,
which then nodulate if Rhizobium of the appropriate species are present.
From the dilution, the most probable number (M.P.N.) of Rhizobium
present in the original sample can be estimated (Vincent 1970). To
distinguish strains other methods must be used such as those based on
serology (Vincent 1970) or antibiotic resistance (Obaton 1971). By the
M.P.N. method many studies have been made of Rhizobium populations in
soil, of their phenomenal build-up under a legume crop, and decline in
its absence and on the influence of various conditions on these
processes (Brockwell and Dudman 1968, Bell and Nutman 1971).
I will first illustrate, using some of our own results, the
importance of soil pH and of drought during fallowing on the four
agriculturally important species of Rhizobium in the U.K., namely
R.trifolii, R. leguminosarum, R.meliloti and R.lupini, and then go on
to consider more adverse environments.
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We counted these rhizobia in soil from a fertilizer trial on
meadowland cut for hay (Park Grass), which has been in progress since
1856, in which individual plots are given the same fertilizer dressing
each year. During this period very distinct herbage differences have
developed on the differently treated plots of this experiment, depending
on the amount and form of N applied, on other mineral or organic fertilizers
used, and on liming (Nutman and Ross 1970).
Rhizobia of these species were found (with very minor exceptions)
only on plots carrying their host plants; species of Trifolium, Vicia,
Lathyrus and Lotus. No plot contained any detectable populations of
RLmeliloti the hosts of which were absent. These differences were
correlated with pH, which between different plots ranged from 3 6 - 76.*
The critical pH for survival of each species was in the range 3.8 - 4.2.
Population density was also broadly correlated with pH, the largest
numbers being>109 per g. dry rhizosphere soil. Seasonal fluctuations
were negligible.
The ability of the populations of clover strains in the plots to fix
nitrogen was also examined. Nearly all those isolated were effective
in fixing nitrogen; ineffective or partially effective strains of
R.trifolii were slightly more frequent only in those plots were pH
was marginal for survival. There was no evidence that nitrogen
fertilizer per se had any influence on nitrogen fixing effectiveness
of the strains. Up to 160 Xg N ha-1 (as ammonium sulphate) applied
annually for more than a hundred years to this soil did not affect
nitrogen fixing activity of the rhizobia found in the soil, provided
that lime was also added to prevent acidity. On the other hand the
proportion of poorly effective strains of R.trtfolii in a permanent pasture
at Wye, Kent on a surface water gley soil (pH 6.7) and heavily fertilized
with nitrogen, was somewhat larger than in surrounding fields (Escuder 1972).
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A correlation between soil acidity and loss of effectiveness of the
indigenous Rhizobium population has been noted in many other studies, and
there is some evidence that the availability of certain metals and soil
moisture interact with pH in determining the proportion of effective strains;
the deleterious effects of pH are much less in some soils than others (Jensen
1942, Holding and King 1963, Munns 1965 a and b, Jones 1966, DUbereiner,
Arruda and Penteado 1966, O'Toole and Masterson 1968, Jensen 1969, Jones
and Burrows 1969, Holland 1970, Masterson and Sherwood 1970, Robson and
Loneragan 1970 a and b, Holding and Lowe 1971.)
These studies indicate that the different species of Rhizobium
differ to some extent in their ability to tolerate acidity, and some
workers have now obtained strains that can grow at quite low pH;
these may have value as inoculants in acid soils (Xunns 1965 a and b,
Lie 1971 c). Rhizobis are also intolerant of alkaline soils, some
species more than others (Jensen 1942, Ibrahim, Kamel and Khada 1970
Wilson 1970, Wilson and Norris 1970), Both drying, through concentrating
the soil solution, and increase in soil p 002 tends to lower pH.
These effects which are somewhat larger in alkaline soils are probably
not important for the survival of the rhizobia. In saline soils drying
also damages rhizobia by increasing salt concentration in the soil
solution.
The nodule bacteria from the tropics, which are mostly strains
of R. phaseoli and the cowpea miscellany (R. japonicum), and which
form nodules on a vast range of legumes are more tolerant of acid
conditions, and this has led to the theory that the ancestral form
of Rhizobium developed in warm climates and acid soils, and the much
more studied nodule bacteria of the clovers and medics are derivative
(Ishizawa 1953, Norris 1964, Norris 1965, Brockwell 1966). Whether or
not this is so, it is unwise to apply uncritically to tropical legumes
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and conditions all that has been learnt in temperate agriculture.
The production of acid by rhizobia in pure culture also varies between
species and from strain to strain, but is independent of the pH of
the soil from which the strain was originally isolated (Brockwell 1966).
The comparatively narrow range of soil pH for survival and
multiplication of rhizobia is the reason for the widespread liming of
legume crops.
In the absence of the host the population of nodule bacteria in
the soil declines at a rate depending on conditions. This is illustrated
by the numbers of Rhizobium in two fields at our farms at Rothamated
and Woburn that were kept permanently bare of vegetation by cultivation,
Over a period of several years the average rate of decline tended to be
exponential, but was quicker in dry years and in the sandier soil of
Woburn than in the heavier soil of Rothamsted. Rhizobium meliloti
disappeared faster than the other kinds of Rhiaebium. Although the
decline was at first rapid a small population of some species survived even
after long absence of the host. Possibly bacteria were sporadically
re-introduced from neighbouring fields, for there is evidence that
this can occur (Greenwood 1961, Mutman 1969, Nutman and Ross 1970).
Such reinfestation, on farm implements, on dust and by animals may
or may not be sufficient for good nodulation of the next legume crop;
in the Woburn and Rothamsted fields inoculation was found essential for
lucerne.
The soil itself, possibly its colloid fraction,has some protective
property that aids survival. Certainly, cultures of Rhizobium in
soil allowed to dry slowly in the laboratory retain a small residual
population over: many years, some species and strains being more
resistant to drying than others. (Jensen 1961, Marshall 1964, 1970s
Chowdbury, Marshall and Parker 1968, Marshall 196.
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In tropical regions with dry seasons, the rhisobia in the
surface layers of soil become drastically diminished in numbers, often
to the point of elimination by the end of the dry period ( Diatloff
1970). When rains come recolonization can occur from the deeper layers,
but this may be too slow to be of practical value, especially in
nitrogen-deficient soil where early nodulation is essential. Movement
of rhizobia in soil requires free water and does not occur in small
moisture tensions adequate for seed germination (Hamdi 1971). The
small dressings of fertilizer nitrogen applied at sowing that can
aid establishment, may do so by bridging the gap before nodules can
form. Mulching seems to help in protecting the soil rhizobia from
drought and heat. ( Norris 1964, Philpotts 1967, Ratner and Samoilova 1970)
Similar considerations with regard to temperature and moisture apply,
but with even more force to the
survival of Rhisobium in artificial inoculants which are often made
up in soil or peat mixtures and where drying and high temperatures are
inimical to long life. Some improvements may come from the use of
temperature-resistant strains, but because Rhizobium is basically a
delicate micro-organism, very easily pasteurized by low heat, the
benefits are doubtful or likely to be small.
Like other organisms, rhizobia can be preserved by rapid freeze-
drying. Many attempts have been made to produce dry inoculants for
commercial use by freezing and using other methods, but without much
success, because good inoculants must contain many viable bacteria when
added to setdor soil for establishment to succeed in possibly unfavourable
conditions
.
Enough work has been done to advise producers on control
methods and standardafor manufacture andfor the final product, (Date
1970t Roughley 1970b, Vincent 1970), but very poor inoculants continue
to be produced.
61
It should perhaps be mentioned that acidity, heat and drought
are not the only factors with which the soil rhizobia have to contend.
They are eaten by protozoa, attacked and lysed by bacteriophage,
killed by toxins from seeds and micro-organisms, digested by enzymes
and inhibited by antibiotics and bacteriocins - and they have also to
compete with the rest of the soil inhabitants.
EFFECTS ON THE NODUIATED LEGUME
Soil Reaction
The process of nodule initiation in clovers and medics is more
sensitive than is the survival of the bacteria, to the pH of the
medium,and root hair infection fails to take place at marginally low
pH (4.4). But once infection-threads have formed nodulation then
usually proceeds normally. (Munns 1957, Munns 1968, Lie 1969b, Munns 1970).
In practice, this can severely restrict the number of nodules formed in
acid soils without apparently affecting crop growth. For example,
nodules may form only in the immediate neighbourhood of a lime-pelleted
seed, but these few nodules become so big that they can provide much or all
of the nitrogen the plant needs.
Within the host the bacteroids are subjected to the pH of the
host's sap, which is little affected by the reaction of the medium in
which it is grown. Further effects of pH are thus indirect, acting
through the legume's nutrition and growth, and response to available
major and minor nutrient elements, which may be strongly affected by
soil reaction. Nodulated legumes require more Mb and Co, than ones
grown on mineral nitrogen and possibly also more B and S. Acid soils
have less available Mo than alkaline ones, but some other elements, for
example Mn, can accumulate to toxic levels in the host (O'Toole and
Masterson 1968, Souto and D6bereiner 1969 a and b, 1970, Mandal and
Tewari 1970, Holding and Lowe 1971, Odu, Fayemi, Ogenwale 1971, Truong,
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Andrew and Wilson 1971). In some soils nodulated plants suffer less
from metal toxicity than those given fertilizer nitrogen.
Liming affects the ionic relationships in the soil and may have
harmful as well as beneficial consequences (Souto and Dbbereiner 1969). For
this reason it is sometimes better and more economic to ameliorate the
pH in the immediate neighbourhood of the seed by combining inoculation
with lime-pelleting rather than to lime heavily (Brockwell and Whalley 1970).
Although the rhizobia of the cowpea and phaseolus groups are more
tolerant than others to acidity, generalizations cannot be made about
the tolerances or lime requirements of their hosts.
Water relations and the composition of the soil atmosphere
Fewer nodules form in dry than moist soil, even when the soil
rhizobia populations are similar. This may reflect the requirement
of many legumes for conditions for good root-hair development during
infection. Under dry conditions (or when the foliage is removed by
cutting or heavy grazing) nodules may be sloughed off, and new ones
form when growth is resumed. Even a single wilting can reduce the
nodules'N-fixing efficiency. The effect of unrestricted water supply
depends on the legume and conditions, especially temperature (Souto and
D8bereiner 1968, Sprent 1971). White clover can tolerate conditions
of flood irrigation whereas cowpeas may fix less in soil at its water-
holding capacity than in drier soil (Doku 1970).
Water relations affect the composition of the soil atmosphere, but
except under extreme conditions, such as waterlogging, or mechanical
compaction, thq partial pressures of 02, N2 car CO, usually found in
soil probably have little influence on fixation. Carbon dioxide is
always present in soil and appears to be necessary for N-fixation in
clover, beans and peas especially at lowe:r p:. l'af lder and van Veen
1960). These species are unaffected by as muach as 4% C02 , but the
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nodulation of Phaseolus is reported to be completely inhibited at 3%
CO2 (Grobbelaar, Clark and Hough 1971). Augmenting the atmosphere
above the soil with CO increases growth and nodulation and can counter-
act the effect of low light intensity (Wilson, Fred and Salmon 1933).
Increased soil respiration can stimulate fixation indirectly by affecting
the host's rooting behaviour but there is no evidence that N2 can be
limiting or 02 inhibitory.
The processes of actual fixation in the nodule require near-anaerobic
conditions whereas the nodule itself needs a good supply of 02; the
first is regulated by nodule respiration and a sequence of reducing
processes in which leghaemoglobin mayham a controlling function, and
the second mainly by the normal ventilating system of the root
(Bergerson 1962).
Acetylene strongly inhibits N-fixation, becoming reduced to
ethylene in the process (a reaction used as a sensitive test for
fixation), and there is evidence that the small amounts of hydrocarbons
that can form in soil (Ilag and Curtis 1968) may inhibit nitrogen
fixation; ethylene also completely inhibits nodule formation (Gottelaar,
Clarke and Hough, 1971, Day and Dart 1972). The enzymes for producing
ethylene from methylated thio organic acids are known (Yang 1969).
Whether the production of ethylene in soil has practical significance
on nodulation remains to be seen.
Temperature and light
Since Jones and Tisdale showed in 1921 that nodulation and
nitrogen fixation by lucerne, clover, peas and soybean were differently
affected by soil temperature, a very large literature has accumulated.
Because of observational difficulties the study of how
temperature (and light) influence the infection process has been
neglected and is as yet confined to small - seeded pasture species.
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Root-hairs of subterranean clover can be infected over a very wide
temperature range (70 - 35°), but infections are much delayed and
fewer in the cold. Infections formed in the cold do not immediately
give rise to nodules, unless the plants are transferred to warmer condi-
tions (Gibson 1967,19 71Roughley, Dart, Nutman and Rodriguez-Barrueco
1970). On the other hand, a short period of chilling of the very
young seedlings of several clover species stimulatesinfection of the
root-hairs (Nutman, Roughley, Dart and Subba-Rao 1970).
Nodules normally form in the dark recesses of the soil, and not
usually on completely etiolated plants, or if so very sparsely and
more often at lower than higher temperatures (Lie 1969 a). Root-hairs
by contrast can be infected on plants grown in complete darkness
and given no carbohydrate; the numbers infected can be quite large
(Nutman 1965). Fairly strong light on the root does not much affect
root-hair infection although it strongly inhibits nodulation in some
hosts (Small, Rough, Clarke and Grobbelaar 1968). Weak light
stimulates later nodulation (in the dark) of isolated roots of
Phaseolus, when these roots are supplied with nutrients from the cut
end. The active radiations are in the blue and far red parts of the
spectrum indicating that a high-energy photoreactive system is
involved (Grobbelaar, Clarke and Hough 1971 a). With whole pea and
bean plants, however, low-energy radiation is active in initiating
nodulation and this response is thought possibly to involve phytochrome
(Lie 1969, Lie 1971 a, Lie 1971 c). Nodulation of Pisum satirum
is reported to be strongly affected by darkness, given either before
after inoculation at 10 days. No nodules formed (by 40 days) on plants
transferred to darkness after 13 days, or on dark-grown plants
transferred to light at later than 25 days; other times of transfer
showed that nodulation was diminished more by darkness given early
than late (Rudin 1956).
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When we come to consider the more general effects of temperature,
light intensity and duration and their interaction on nodulation and
nitrogen fixation, the relations are very complex, especially as they
are often strongly influenced by Rhizobium strain and differ from one
host cultivar to another.
The temperature range for nodulation corresponds generally to
that for root growth, except at the upper limits, where nodulation may be
limited although growth continues (Gukova 1945, Pate 1962, Gibson 1971).
The temperature for optimum nodulation may also be different for main
and lateral roots (Dart and Mercer 1965). In high latitudes, such as
in Alaska or Greenland (Porsild 1930, Allen, Allen and Klebesadel 1963),
and in Alpine regions, legumes and their bacteria have become adapted
to cold growing conditions, and although their efficiency may be less than
that of similar association from more temperate climates these
differences become less when examined in warmer conditions. This
adaptation seems greater nearer the climatic extremes (as for example
between Lapland and South Sweden (Vartiovaara 1937, Ek-Jandfr and
Flhraeus 1971). Over extensive regions of temperate S.E. Australia
physical factors of the environment seems not to influence the distribution
of nodulation, except in-so-far as they affected the actual occurrence
of legumes in the vegetation (Brockwell and Robinson 1970).
An unusual adaptation has been described for the Pisum sativum
cv Iran which does not nodulate with most strains at 200, at which
temperature other varieties nodulate satisfactorily, but does so at
260; exceptional strains of rhizobia, however, nodulate this cultivar
at both temperatures (Lie 1971 b). Adaptation to temperature and
cultivar should be taken into account when selecting strains for inocula-
tion.
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The influence of sub-optimal temperature (7° - 190) on the morpho-
logical development of the nodule has been extensively studied in a
range of cultivars of subterranean clover inoculated with different
strains of Rhizobium trifolii (Roughley and Dart 1969 a and b, Roughley
1970 b, Gibson 1971). Nodulation occurred at each temperature but
was much delayed by cold. Cold also prolonged the time for the bacteroids
to mature and delayed degeneration, to different extents, according
to cultivar and strain; only one strain formed bacteroid tissue at 7° .
At 19°, nearer the optimum for growth, there was proportionately more
degenerate bacteroid tissue. The extended life of the bacteroid tissue
in the cold may account for the overwintering of nodules in N. Ireland
or sub-alpine regions of Southern Australia (Pate 1958, Bergersen,
Helij and Costin 1963).
Under the limited conditions of test-tube culture fewer nodules were
formed at temperatures above and below the optimum, but the largest
nodule volume per plant was produced at 11° . Cultivar differences were
great; those selected to form few or many nodules were true to type at
15° and 19° but not at the lower temperatures (Gibson 1963, Roughley and
Dart 1970 b). The cultivar Cranmore was particularly sensitive to
temperature: At 7° it did not form nodules but instead produced lateral
roots at exactly the positions where at 19° nodules were formed (Roughley
and Dart 1970 a). The temperatures for maximum amount of N fixed and
for maximum efficiency were different. Nitrogen fixing efficiency per
unit mass of nodule was most at a temperature sub optimal for growth
(Roughley and Dart 1969 a), and transfer of plants from sub optimal to
optimal temperatures can, with some strains, lead to a decline in
amounts of nitrogen fixed per gram of nodule and to retention of fixed
nitrogen in the nodule (Gibson 1969). At 30° bacteroid development is
inhibited, with more bacteroids per cell and per endoplasmic membrane
and with hypertrophy of infection, threads within the nodule (Gibson 1971),
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but the same temperature applied to the shoot only does not have these
deleterious effects (Possingham, Moye and Anderson1965).
The optimum temperature for nitrogen fixation in Lotus corniculatus
is between 18 and 240 depending on strain (Iunelius and Clarke 1970),
and for Mediciag tribuloidew and Vicia atropurpurea the optimum temperature
for nitrogen fixation is 24°0 On these hosts the smaller fixation
above 27° can be partly alleviated by lowering night temperature (Pate
1962). There is a sharp temperature optimum (2500) for the incorporation
of 15N into excised nodules of Soybean (Aprison, Magee and Burres 1954).
Most tropical species need a higher temperature for nodule
formation and maximum N-fixation than temperate species; the highest
recorded temperatures for effective nodule function is 35° for Acacia
in the Sudan and 34° (mean daily max.) for Stylosanthes gracilis in
Brazil (Habish 1970, Souto and D8bereiner 1970). Tropical species may
be more sensitive to diurnal changes (low night temperatures) than
are temperate legumes (Mes 1959 a and b), but they are more exposed to
damagingly high temperatures. For soybeans, Dolichos lablab and
cowpeas grown in the warmer parts of Australia such harmful effects, either
during establishment or afterwards canbe ameliorated by deeper sowing and
heavier inoculation, or by watering or mulching with straw (Cloonan and Vincent
1967s Philpotts 1967, Brockwell and Philips 1970). As with root-hair
infection, nodule formation seems more sensitive to high temperature
than nodule growth. Thus Phaseolus roots at 30° will nodulate as well
as roots at 25° providing they are first held at 25° for a few days
(Barrios, Raggio and Raggio 1963). In fact, actual nodule growth may
be stimulated at temperatures above those at which bacteroid tissue
remains active. Subterranean clover and lucerne nodules transferred
from 25° to 35° grow very large and may become lobed and then produce
uninfected rootlets from the nodule lobes (Day and Dart 1971),
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In Trifolium subterraneum temperature affects the amounts of
nitrogenase formed but does not influence its activity (as determined
by acetylene reduction (Roughley and Dart 1969 b). The nitrogenases
from other species of legume have also been examined over a wide
temperature range. No activity was observed at 00, but was present
at 3° and the enzyme was inactivated at 450; between these extremes
the optimum temperature for activity differed between hosts. Vicia
faba, V. sativa, Trifolium pratense, T. subterraneum, Medicago
truncatulata and Glycine max had optima between 20 and 30°. The optimum
for Medicago sativa was 35°, and for Vigna sineses it was 40°.
(Stalder 1952, Possingham, Moye and Anderson 1965, SmallHough, Clarke
and Grobbelaar 1968, Souto and D8bereiner 1968, Roughley and Dart 1969,
Day and Dart1970, Dart and Day 1971 a and b, Day and Dart 1971, Gibson
1971). These results suggest that the actual chemical reduction of
nitrogen is not very sensitive to the normal temperature conditions
of cold or hot climates. Rather, it is the formation of the nodule,
the synthesis of the nitrogenase and possibly also the transformation
and translocation of the fixed nitrogen that is affected.
The photosynthetic and morphogenetic influence of light on
nodulation and nitrogen fixation are manifold and the amounts of light
that are required for nodule initiation vary from host to host.
Trifolium subterraneum needs a 4-hour day of moderate light intensity
to initiate nodules but any increase beyond 8 hours has little further
effect. Variation in length of day from 12 - 16 h. has no effect on
the nodulation of Stizolobium deeringianum (Mee 1959 b, Gibson 1967).
T. glomeratams, which is also a short-day plants forms nodules soonest
in short days and these become fewer and larger as day length increases
(Subbe Raoe Nutman and George 19691 Vigna p _icuhata
requiresmore than 8 hours to form effective nodules (Doku 1970)o These
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species and Glycine max, icia sativa and Phaseolus vulgaris also form
more and larger nodules in long days, and the distribution of nodules
between the primary and secondary roots is affected by day length.
Phaseolus vulgaris nodulates well on lateral roots at low light
intensity (15,000 Ix) (Day and Dart 1969), but tropical species seem
to require brighter light than temperate species for primary root nodula-
tion. Medicago truncatula, Medicago sativa and Trifolim pratense
are little affected in their nodulation by differences in intensities
in the range 15,000 - 30,000 ix (Day and Dart 1970).
Some legumes, for example Glycine max and Vicia atropurpurea
are reported to have fewer and poorer nodules in intense light and
this is thought to be the cause of "nitrogen hunger" symptoms sometimes
seen in young crops, and which can be overcome by shading or applica-
tion of nitrogen fertilizer (Dart and Wildon 1970, Davidson, Gibson
and Birch 1970). Shading reduces nodule formation in soyabean but
increases nodule efficiency (Sampaio and Dbbereiner 1968).
The effect of day length on the nitrogenase activity of nodules
has been examined using the acetylene reduction method in typical
short-day (Glycine max) and long-day (Trifolium subterraneum) plants.
Transferring plants from a non-inducing to an inducing day length at
first led to a decreased activity, but then fixation increased until
flowering, when it declined. This decline was not associated with the
shedding of nodules. Activity then increased again as pods filled and
this renewed fixation was correlated with the formation of new nodules
on the lateral roots (Day and Dart 1971). Other workers have reported
no increased fixation during fruit formation (Pate 1958, Howell 1963).
Nitrogenase activity is closely related to leaf area. In relation to
the amount of nodule tissue formed, nitrogenase activity per g nodule
is unrelated to light intensity in Trifolium subterraneum and Medicago
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truncatula but in nodules of Ticia faba, V. hirsuta and V. atropurpurea
is greater in bright than in dim light. At low light intensity (7500 Ix)
in short days, nodules of V. atropurpurea fixed less at the end of the
light period, probably because of substrate limitation. In the
experiments on day length, when plants were transferred from darkness
to full light there was a temporary short reduction in nitrogenase
activity, (Day and Dart 1971).
Discussion
The following general conclusions can be made about the effect of
physical factors on the growth and survival of Rhizobium in soils
soil acidity greater than about pH 3.5 is lethal to Rhizobium and some
strains cannot live in strongly alkaline soils. Rhizobium tolerates
temperatures colder than about 30° but are destroyed at only slightly
higher temperatures. Ehizobium is not resistant to drying, especially
at elevated temperatures, but resistance is strongly affected by the
characteristics of the soil. As facultative aerobes, species of
Rhizobium are not much influenced by differences in the soil's
atmosphere or water content, above about the plant wilting point. The
effects of these factors often interact and species and strains of
Rhizobium differ slightly in their responses to them.
In striking contrast, nearly all aspects of nodule initiation,
growth and function react to the physical environment in a complex
manner. Adding the plant component seems to add more than a dimension
of complexity, the study of which is at an exploratory stage. Only
very general trends can be discussed: nodulation and fixation are
limited to various extents in different host/strain associations by
the physical environment, and to extremes of soil reaction, heat, drought
or regimes of light. Most irregularity and seeming unpredictability is
in respect to temperature and light. This may be because these factors
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have strong formative influences in plant development. The nodulated
legume growing in soil is the epitome of the carbon and nitrogen cycles,
and it may be necessary to know more about its normal controlling
mechanisms before we can interpret effects of the changing environment.
Let us, therefore, look at a legume growing in, say, solution
culture under optimal conditions in a constant environment. It nodulates,
fixes nitrogen and completes its life cycle, and the functional
integration between plant and bacteria is such that the number of
nodules formed, their growth and decay and the quantity of nitrogen
fixed is exactly adjusted to the host's requirements. This degree of
coordination means that the intrinsic mechanisms of control are those
appropriate to normal development; namely, those determining the
balance of top and root increment under the changing physiology of
vegetative and reproductive growth, whether dependent or not on
symbiotically fixed nitrogen. This involves energy transformations,
metabolic and synthetic pathways, assimilation, translocation and
morphogenesis.
Environmental factors undoubtedly influence rate and efficiency
of the nitrogen-fixing process but there is as yet no evidence that
they directly have an important regulatory function, but there is good
evidence that regulation can be through size.
This question has been examined in clover, which like many legumes,
has nodules with apical growing meristems. The size of the entire
fixing system (proportional to aggregate nodule volume) is therefore
an expression of the total amount of meristematic activity in the root.
By comparing cultivars that have equal aggregate nodule volumes but
form very different numbers of nodules, it can be shown that the growing
nodules, through the operation of normal apical dominance, limit the
appearance of new meristems in the root, including those of incipient
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nodules. In this way the first-formed nodules tend to suppress
further formation of more nodules, to an extent depending on the
nodule's size. This can explain the inverse relationship, almost
universal in legumes, between the number of nodules on a plant and
their average size, and provides a working hypothesis of a mechanism
for controlling the balance between the demand and supply of fixed
nitrogen (Nutman 1958, Nutman 1967).
Under adverse conditions, such as high temperature, nodule
numbers become restricted and this is not fully compensated for by
increased nodule growth or activity.
It remains important to determine the restrictive factors in soil,
climate, nutrition and management, to know how to ameliorate them and
to try and adapt the bacteria and its host to prevailing conditions,
but effort and resources should also be given to the task of
manipulating symbiotic nitrogen fixation through a better under-
standing of its genetics and physiology.
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ABSTEACT
The acetylene reduction assay for nitrogenase
activity of plant material, soil cores and soil-plant
systems is described in detail and comments made on the
technique.
INTRODUCTION
Nitrogenase (N2ase) from different organisms has
very similar enzymatic properties. The two protein
components, one containing Mo and Fe with a MW. c 200,000
and the other only Fe (MW. c 50,000), even when isolated
from different organisms, can often be recombined to
yield active preparations i-8). N2 ase is a versatile
enzyme reducing N2 to NH3, CH2 to CH, and various other
substrates (e.g. N20, N3, H-CN, R-NC, R-CCH). The N2ase
system apparently functions in a similar fashion for each
substrate reduced. ATP and reductant are required and
NH5 and C2H4 do not inhibit the reduction of N2 or C2 d2
i1 - 5]. The assay is based on the similarity in the
rate of electron activation and transfer to either N2
or C2H2 as substrate assuming that N2 + 6H+ 6e 2SH32 2 2 p~~~~~~~~q 5
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and C2H2 + 2H + 2e C2H4 and C2H2 + 2H+ 2e C2H giving
a theoretical ratio of NN2 Z 3C2H2. Acetylene and
ethylene can be readily measured by gas chromatography,
with an increase in sensitivity over 15N methods of
some 1000 times.
METHODS
Sample Preparation
Assays should be made immediately after sampling [9].
Nodules are best assayed while still attached to the roots
[10o. Removing the tops usually has no measurable effect
on short-term assays.
Some N2ase systems are apparently cold labile [4,
123 and samples should not be stored cold before assay.
N2ase activity of nodulated roots may vary with the light
intensity and temperature throughout the day [9, 10, 11,
135 , and activity of plants grown in artificial cabinets
oscillates for up to 2h after the lights turn on at the
beginning of the day. For comparisons, sampling and
assays should take place at the same time each day.
Activity is diminished when the surface film of H20
remaining after washing nodulated roots is not carefully
removed [14-. Drying of nodules also diminishes activ-
ity [15J. When possible, nodulated roots should be
shaken free from soil and assayed without washing.
Samples are assayed in conveniently sized containers,
e.g. glass bottles, with a rubber septum in the stopper
to allow it to be pierced by a hypodermic needle.
N2ase is sensitive to oxygen tension [9, 11, 16]. The
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activity of nodules decreases as the p02 falls below 0.20
atm. For rhizosphere, non-symbiotic, organisms, a p02
about 0.04 atm. is often optimal [173. Assay vessels
should be large enough to minimise changes in p02.
Liquid samples should be well shaken during assay. It
is preferable to assay soil as intact cores. Samples
containing blue-green algae should be illuminated at
light intensities corresponding to those in situ in the
field. Small samples of nodules can be conveniently
assayed in wide-mouthed McCartney vials (c. 28 ml capacity)
stoppered with serum caps or Suba-seal rubber stoppers 18..
For assays of soil-plant systems, soil cores can be
placed in an airtight plastic container (such as a plastic
plant pot with a clear plastic bag or rigid, clear plastic
cover F192 ) connected to the base by a water or 2% agar
seal (Fig. 1). The containers should be incubated in
the light as the activity of the rhizosphere-associated,
nitrogen-fixing bacteria is influenced by photosynthesis
177, 20]. Alternatively, a metal tube can be driven into
the soil and the top covered for in situ assays 21J.
A known amount of propane to give c. 100 vpm is injected
and used as an internal calibration standard to measure
the volume of gas in the incubation chamber and to monitor
leaks and other losses of C2H4 (soil absorption?).
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to drain excess H 2 0
Assay Procedure
For active systems - e.g. nodules or blue-green algae
L22j - assays can be made in air, provided c. 10% C2H2
is used. The affinity of N2ase for C2H2 much exceeds
that for N2; for a wide range of organisms, the Km of
C2H2 reduction by N2ase, is in the range 0.004 - 0.01.:
atm. both in vivo and in vitro 11 - 4]. The atmosphere
in the vials can be altered by alternately evacuating to
c. 30 mm Hg and flushing with an appropriate gas mixture
(usually Ar/02) two or three times. We have built a
suitable gas line from commercial metal gas fittings
(Fig. 2). If gases premixed in cylinders are not avail-
able, they can be conveniently mixed by displacing water
in suitable glass vessels (e.g. aspirator) with volumes
marked.
Some gas is withdrawn from the sample container by
syringe and replaced with acetylene to give a final con-
centration c. 10% or acetylene may be premixed with the
gas phase introduced into the sample container. Samples
without C2H2 added should be assayed for C2H4 produced
endogenously [23-251 . Temperature affects N2ase activity
[93 so that samples are best incubated at either temperatures
which are constant, or related to the in vivo temperature.
After a suitable time (30' for legume root nodules,
up to 24h for soil), gas samples (0. 5-1 ml) are taken
with a disposable plastic syringe. For periods up to about
3h, the samples can be stored by stabbing the syringe
needle into a rubber bung. For storing samples over
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Fig. 2. Gas line
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atmos. atmospheric
pressure
long periods, gas samples can be transferred to pre-
evacuated containers (e.g. B-D Vacutainer) p26, 27].
The gas volume of the assay vessel is measured by
displaceient with water (using a burette) after assay;
this is not necessary with propane used as an internal
standard.
Gas Chromatography
Gas mixtures can be separated by gas chromatography
and then quantitated by flame ionisation or thermal con-
ductivity detectors. For acetylene, ehtylene and propane,
various column packing materials can be used; a convenient
system is 80 -100 mesh Poropak N or T in a 2m x 0.003m
diam. stainless steel column at 100°C, with a nitrogen
carrier gas flow rate of 25 ml/min, using a hydrogen/air
flame ionisation detector. Most detectors can routinely
detect 0.1 vpm C2H4 in a 0.5 ml gas sample. For Poropak
N and T, CH4 hastthe shortest retention time followed by
C2H4, C2H2 and C3H8 (Fig. 4). At most concentrations
encountered in the assay, peak heights can be taken as
linearly related to concentration without any great inac-
curacy. Durapak(R) phenyl isocyanate on Porasil C,
80-100 mesh in 2m x 0.006m diam. glass (or metal) columns
at 35° is convenient for assays whibh include propane.
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Calculation
A suitable calculation for the C2H. produced, in
[,M C2H4 /h, is as follows:
vol. gas in sample container
02H4 sample C.U. X X assay time (h) X K
vol. injected into G.L.C.
vol. gas in blank container
minus C2H4 blank C.U. X X K
vol. injected into G.L.C.
Where C.U. = chart units used to measure peak height.
The blank is a sample container with added C2H2 only.
K = conversion factor obtained using a standard
mixture to calibrate the chromatograph.
e.g. for 100 vpm C2H4 standard, K is derived as follows:-
1 ml of 100 vpm C2H4 contains 100 x 10 6 ml C2H4 and = x C.U.
22.4 1 C2H4 at S.T.P. = 1 Mole C2H4
100 x 10 - 6
1 ml of 100 vpm C2H4 - 3 moles C2H4
22.4 x 10
= 0.00446 Wmoles C2H4 = x C.U.
then K (or 1 C.U.) = 0.00446m 
limoles C2H4
x
C2H2 reduction methodology is also presented in other
accounts [11, 13, 21, 22, 28-303.
PRECAUTIONS AND COMMENTS
1. C2H4 is soluble in silicone rubber [23, 31] and
produces
autoclavingLC2H4 from rubber such as Suba-Seals I32J.
C2H4 contamination in rubber can be decreased by steaming
with water for 10 - 15 mins. and leaving to stand 24 h
before f.JWt:h'er use.
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2. Disposable plastic syringes and 25 G needles (c. 0.5
mm O.D.) are suitable for samples and gas transfers L27j.
Contaminating C2H4 can be decreased by evacuating and
flushing the syringes with air about 6 times.
3. C2H2 can be bought in cylinders (welding grade is
suitable) or it can be produced by reacting calcium
carbide with water (Fig. 3); C2H2 from either source
contains a variable amount of contaminating C2H4
(in addition-to CHE and phosphine) and suitable control
blank samples should be taken to monitor this.
4. C2H2 can be used as an internal standard in the
assay to monitor sampling and injection errors. Propane
can also be used in the assay atmosphere as a standard.
Most F.I.D. detectors respond linearly to increasing
amounts of C2H4 over the range of concentrations likely
to be encountered, but it is important to work within
the linear range of the detector.
5. The chromatography of each series of assays should
be calibrated; a standard, premixed cylinder of C2 H
(c. 100 vpm) in Ar or N2 is useful for this.
6. C2H4 is iaplantgrowth hormone, and most responses
are saturated by 2 ppm C2H4 133J. Plant membrane integ-
rity is affected by C2H4 and/or C2H2 .
7. Because C2 H2 is more soluble than N2 in water, the
theoretical conversion factor of 3 may not apply and the
actual ratio should be found by using 15N2 or Kjeldahl
methods 0, 11, 13, 28, 34, 355
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FERTILIZING THE SOYBEAN CROP [Glycine max [L.] Merrill]
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ABSTRACT
Soybeans, the world's most extensively produced grain legume crop, has
significant human nutrition implications by reason of the high quality
protein flour produced from the residue after oil and fat extraction. Al-
though the crop is high in mineral nutrient content it is not especially
responsive to direct fertilizer application. This paper elaborates studies
on fertilizer response of soybeans and considers measures which might assist
in breaking current yield barriers. Lime responses are reasonably assured
where the crop is grown on soils of pH less than 6.2. Because N fixation
accomplished symbiotically in nodulating lines is inadequate for producing
maximum possible yields, yield increases from fertilizer N are commonly
achieved. Straight-forward K responses are obtained on soils of low
exchangeable K supply. Conventional rates of fertilizer P rarely influence
yields unless soil P level is very low but heavy P rates, even at modest
soil P levels, increase nodulation and, depending on variety, may increase
yields due to enhanced N nutrition. Tracer methods afford an invaluable
tool for sorting out the interactions involved.
Introduction
Although the soybean crop has one of the oldest histories of cultivation
among modern crops, it is largely produced in only two countries, the United
States and China. The crop's world-wide significance is apparent from the
fact that the 30 million tons total production approximately doubles that of
peanuts or dry peas and triples that of dry edible beans, the next most
extensively produced grain legume crops. Beyond its value for the oils and
fats extracted, the soybean flour produced from the remaining cake has very
significant human nutrition implications. Protein of this meal contains
moderate amounts of sulfur-containing amino acids which are deficient in such
grains as corn and wheat. Consequently, soybean meal is being used increas-
ingly as an additive to other flours for improving their nutritional value.
As with most Leguminosae, mineral nutrient contents of soybeans are
notably higher than occurs in cereals. This would seem to portend exception-
ally good response to applied fertilizer nutrients. Consensus of most
agronomists who have worked with soybeans, however, is that the crop is not
especially responsive to fertilizers and that nutritional needs are better
served by a high level of residual soil fertility. At the same time, soy-
beans are more dependent than other field crops on various other practices
involved in effective soil and crop management for economic yield. Most
troublesome is the fact that average soybean yield was 62 percent of that of
corn in the U.S. in 1939 and only 37 percent in 1970, a period during which
fertilizer consumption more than quadrupled.
*) Published as paper no. 3322, Journal Series, Nebraska Agricultural
Research Station.
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It will be the objective of this paper to review fertilizer response
studies with soybeans in the U.S. and to consider measures which might
assist in breaking current yield barriers. Emphasis of this Panel being on
fertilizer utilization for protein production, coverage will be restricted
to matters dealing with soil fertility and plant nutrition.
Rooting Habit
Character of the root system of the soybean crop undoubtedly has sub-
stantial bearing on the uptake of required nutrients from the soil and,
correspondingly, the most effective manner and depth of fertilizer appli-
cation. Root studies of Borst and Thatcher [1] suggest that the taproot
system of the crop has potential, depending on soil type, for rooting to
150 cm depth, but with most of the system concentrated in the upper 60 cm.
Lateral root spread was noted to be limited to a circle of approximately 45
cm diameter, contrasted with the 180 cm lateral spread of maize. Also
differing from maize was an observed dominant primary root contrasted with
the completely fibrous system in maize with all roots of secondary origin.
Most of the soybean root nodules were found concentrated around the primary
root in the surface 15 or 20 cm of soil.
Mitchell and Russell [2] found 90 percent or more of the total root
weight in the upper 15 cm of soil in the latter portion of the growing
season. During the earlier stages of root development, four verticle rows of
laterals developed off the upper 10-15 cm of the radicle at 90° angles around
its circumference which reached 35-40 cm length before turning downward. The
5-6 major laterals among these reached depths of 122-183 cm, exceeding the
depth of taproot penetration.
Soybeans appear to actively absorb nutrients from greater depth than
most cereals, presumably due to the taproot system. Tracer studies with 85 Sr
by Menzel et al. [2a] showed uptake at 50 cm depth to be only slightly less
than that from the soil surface. Additionally, substantially more P is taken
up by the crop late in the season than by corn [3]. The combination suggests
that optimum fertilizer placement might be different than for Maize.
Why Do Soybeans Respond Poorly to Fertilizers?
The data of Table I acquired with the use of 32P tagged fertilizer give
evidence of the strong feeding capacity for soil P exhibited by soybeans
compared with other common crops [4]. In this study soybeans utilized soil
P approximately 70 percent more effectively than other legumes and 30-50
percent better than the non-legume crops investigated. The greater fertil-
izer utilization associated with banding compared with mixed placement may
be partially attributed to the influence of contiguous N in promoting fertil-
izer P uptake. Along with lower utilization of fertilizer P by soybeans
noted, other treatments not presented in the table [P only vs NP] indicated
significantly larger positive effects of N on P uptake with all other crops
than with soybeans.
It has been suggested that the primary reason why soybeans give limited
response to applied nutrients is that the crop evolved on quite infertile
soils such that natural selection enhanced its capacity to produce reasonably
well even on soils very poor in nutrients. Under these circumstances the
genetic components for high yield under more favorable nutrient environment
did not develop. Furthermore, with 20th century acceptance of the crop in
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the U.S. the primary use was for hay. Yields of hay were quite readily
increased by fertilizer treatments, not so for seed. It has only been since
the early 1940's that seed production exceeded production for hay and the
interval thereafter for varietal improvement through breeding has been short
compared with the time during which cereal breeding has gone on in the U.S.
Contributing to the varietal deficiency suggested above is the fact that
storage of energy in oil and protein [21 and 40 percent average composition,
respectively] of the bean requires twice as much energy as for starch storage
in the grain of maize [5]. Also, no hybrids are available in soybeans by
reason of self pollination, whereas corn hybrids are known to be more
fertilizer responsive than open pollinated lines.
Liming Results
Limited information exists in the literature on the subject of liming
the soybean crop. Optimum pH reported by different investigations varies
rather widely from 6.0 to 6.9. Thatcher et al. [6], for example, growing the
Table I. Utilization of fertilizer P by soybeans compared with that of
other common crops grown at the same time in greenhouse pots
[4].
Crop Utilization of applied P t80 + 50* + O],% from fertilizer a/
Mixed Banded Mean
Soybeans 30.8 42.4 36.6
Other legumes
Alfalfa 52.6 62.1 57.3
Red Clover 56.6 67.7 62.1
Sweetclover 54.2 73.0 63.6
Nonlegumes
Maize 46.6 48.0 47.3
Wheat 38.9 56.7 47.8
Oats 43.3 60.4 51.8
Bromegrass 52.4 53.1 52.7
Sorghum 63.1 44.8 53.9
a/ Tagged fertilizers were either 'mixed' with all of the soil in the pot
or were 'banded' 2.5 cm to the side of the seed row for nonlegumes,
and 1 cm to side and 1 cm below legume seeds. Harvest and assay were
effected at or near flowering for each crop. Data represent mean
values for three soils -- Crofton [Calcareous], Moody Ineutral], and
Nemaha [acid].
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crop on soils varying in pH from 4.6 to 7.7 obtained maximum yields at pH 6.8.
Soil acidity is probably a larger factor in Rhizobium survival and effective
nodulation than is Ca availability [7]. Adequacy of Ca may be the major
determinant of crop yield response, however, since Ca requirement of the
plant itself for growth is much greater than that of the Rhizobia.
Data from the Field Laboratory of the University of Nebraska at Mead on
Sharpsburg silty clay loam are perhaps representative of yield results from
liming soils of medium acidity [8]:
Treatment Yield
kg/ha
Control 3091
Lime only 3293
P + K 3494
Lime + P + K 3763
Soil pH without liming was 6.0 and 6.8 after applying 3 tons lime/acre. The
unanswered question here, of course, is in how far a small rate of fertilizer
N might have afforded the same effects.
It seems most probable that the first requirement for effecting economic
soybean yields on many humid tropical region soils will be provision of an
adequate calcium supply for normal nutrition of the crop. Certainly the
majority of soils in these regions possess inadequate calcium release
potentials for the introduction and successful growth of the soybean.
Pertinent to liming results reported in the literature for acid soils
is the recognized differential aluminum tolerance of different varieties [9].
Deficiency of Ca observed in many cases may well be Al induced, as Al appears
to interfere with uptake and utilization of Ca. Foy et al. suggest that
plant breeders should consider developing varieties that can root more
effectively in acid, Al-toxic subsoils.
An additional malady of soybeans noted on acid soils of southeastern U.S.
is that of 'crinkle leaf' due to Mn toxicity. It is accentuated by the
acidifying action of high rates of fertilization and alleviated by liming
[10]. Equating the Latosolic soils of this portion of the U.S. with similar
soils in the developing world would portend a strong likelihood of Mn
toxicity problems there as well.
Nitrogen Fertilizer Results
A number of field experiments as summarized by Ohirogge £11] have
indicated that N fixation by R. japonicum on nodulating soybean lines is
inadequate for producing maximum possible yields. Importance of N for
maximum yield is confirmed by work of Lathwell and Evans t12] in which yield
was shown to be determined by number of pods retained by the plant, and that
number in turn by the N available during the bloom period. One of the early
reports of N response of soybeans was by Eastin [13J with irrigation culture
in Nebraska evidencing small but economic responses from application of low
rates of fertilizer N.
Use of 15N as a tracer has facilitated studies on the effects of combined
nitrogen on the fixation process. By tagging the applied N, Norman and
Krampitz 114] were able to confirm that nitrogen fixation decreased with
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increasing amounts of fertilizer N applied even though total N per plant
increased. Atmospheric origin of N in the plant varied from 100 percent with
no fertilizer N applied to a low of 30 percent with a large rate of fertilizer
N added to the soil. Weber 115] reported a high correlation between nodule
mass and symbiotic N fixation, further that nodule weight, number and size
were inversely related to applied N.
A recent study by Beard and Hoover I16] including rates and times of N
application compounded with straw residue treatments found essentially no
differences in yield from the treatments. A linear inverse relation was
found between nodule number per plant and rate of N applied. Nodule number
was reduced by 56 kg/ha or more of N applied at planting time, but little
reduction accompanied twice that amount when applied at flowering. Thus,
timing of applied N would appear to assume major significance for assuring
maximum N utilization without penalizing the symbiotic relationship. Burning
off the straw residue also resulted in greater reduction in nodule number
with increasing N rate than occurred without burning.
It seems quite clear that the key question concerning N fertilization
for soybeans revolves around the amount of available N that can be counted
on from symbiotic fixation plus the amounts residually present in the soil
rooting zone and that likely to be mineralized from the soil organic matter
during the growing season. Procedures for balancing these three sources
against the amount of fertilizer N to be applied will be required if the
producer is to capitalize on all possible 'free' nitrogen and simultaneously
limit the chances of mineral N escaping the root zone and contributing to
environmental pollution.
Phosphate Fertilizer Results
The majority of fertility investigations with soybeans in midwestern
U.S. have shown little or no response to applied phosphate unless the sites
involved were extremely low in available soil P. Thus, Walker and Long [17]
reported a strong relation between soil P tests and yield even though
applied P did not influence yield in their studies. Their maximum predicted
yield came with pH of 6.92,soil P level of '105 pounds per acre' and soil K
of '264 pounds'. Kamprath and Miller 118] similarly concluded from a
North Carolina survey that yields throughout the state were highly related
to soil P test and pH.
Investigations with tagged phosphate have shown that little difficulty
is experienced in getting P into the soybean plant 119, 20], so inhibited
uptake of P cannot be given as cause for limited response. The 32P tag has
also demonstrated, however, that gross absorption of P continues later into
the season with beans than with corn 1201. Studies of Bureau et al. 13]
detected that 83 percent of the recovered P was taken up in the 39 days
between late bloom stage and just prior to leaf fall. These observations
would suggest that soybeans are more capable than most annual crops of
effectively utilizing the deep subsoil available P supplies commonly found in
zonal soils of the midwestern U.S., as depicted in the loessial soil profiles
of Nebraska of Figure 1 121]. They may further partially explain the limited
fertilizer P responses noted by most investigators since the late root
arrival and activity in this zone would correspond with the substantial late
uptake of total P by the crop.
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There are indications that adequate P for the plant's nutrition may not
be the full resolution of the plant's needs and rather additional P may be
needed for other functions. Thus, deMooy and Pesek 122] have found that
maximum nodule weight and activity occurred only at very high levels of
applied P and K salts. By applying P at rates of 400-500 pp2m and K at
600-800 pp2m nodule weight at flowering was tripled, and maximum nodule
activity required even higher levels of applied P. The amount of N in the
plant leaves also peaked at the point where nodulation was at its maximum.
Weber [23] confirmed that increased N fixation was directly related to
nodule number and size.
Evidence has been provided by Lathwell and Evans i12] and by Erdman and
Means [24] that N supply of the soybean plant is highly related to yield.
Such being the case, there would seem to be good probability that increased
nodule formation and activity from P application should increase the plant's
N supply with potential yield effects.
Potash Fertilizer Results
Yield responses of soybeans from direct application of potassium
fertilizers have been more common and striking than reported for phosphate.
Thus, Nelson et al. 125] report striking seed yield responses to applied K
for three different varieties on a medium textured soil of North Carolina.
A larger number of pods, a higher degree of pod filling and greater seed
weight were associated with the increase. Such responses are common in the
humid southeastern U.S. They are much less common Mollisols [Brunizem and
Chernozem] in the midwestern U.S., and there primarily with the sandier
soils, the thoroughly leached Alfisols iGray Wooded and Gray-Brown Podzolic]
on fine textured till, and some of the organic types. Prediction of likely
response to K fertilizer through soil testing has been less difficult than
for N and P.
Soluble-salt damage to germination is likely with any fertilizer
material applied in contact with the seed as soybeans are very sensitive to
such injury. Potash salts are notably more damaging than phosphates. As
with P, there is no certainty that optimum placement of K is known for the
crop.
Other Secondary and Trace Element Results
Magnesium deficiency of soybeans has been rarely observed in the corn
belt of the U.S., a region of temperate subhumid climate and soils of the
Mollisol order. In the warmer, more humid southeast, however, responses to
applied Mg are fairly common, exemplified by data of Nelson et al. [25] on
a moderately sandy Ultisol of North Carolina. A general consensus exists
that a Mg response is likely when exchangeable Mg is less than 10 percent of
the cation exchange capacity. Certainly many soils of the warm and humid
regions of the developing world fit this description suggesting a good
likelihood of extensive Mg needs if soybeans are to be grown.
Sulfur responses of soybeans are rarely observed in the U.S. Explanation
perhaps lies in the fact that the crop is not commonly grown on sandy soils
of the midwest known to be S deficient, while in the southeastern production
area fallout S and residuals from low analysis S-containing fertilizers of
past years have restricted responses to date. In consideration of the known
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effect of S on oil production, however, there is good reason to anticipate
response to the element in soils of low organic matter content of tropical
regions as reported by Venema 126] and as observed for the groundnut in
northern Nigeria [27].
Problems of Fe deficiency have frequently been observed where soybeans
were produced on calcareous soils. Inactivation of absorbed Fe in the roots
in the calcareous soil medium is apparently due to combined effects of pH,
Ca and P £28]. Two or more foliar applications of ferrous sulfate have been
found effective for control £29]. Ratio of Fe:Mn is critical, with some
authors contending that Fe deficiency and Mn toxicity are synonomous 130].
Large differences have been found between varieties. The better growth of
efficient varieties was controlled by a single gene which causes lower pH
of the expressed cell sap and thereby less inactivation of Fe £31].
Deficiency of Zn is also observed on occasion where soybeans are grown
on calcareous soil, especially where land grading has exposed a horizon of
low organic matter content and compacted the soil in the process. Deficiency
appears most severe on oldest leaves £32], and is readily corrected by
foliar spray and by soil treatment with soluble Zn carriers or even ZnO if
finely divided. It is believed now that many of the early reports of yield
reduction from applied P £33, 34, 35, 36] may have been the result of P
induced Zn deficiency. It is suggested by data of Paulsen and Rotimi £37]
for soybeans and reported in maize by Stukenholtz et al. [38] that Zn may be
readily absorbed but its translocation from roots to tops is inhibited by
increased P availability to and absorption by the root system.
Seed treatment with Mo solution has afforded yield response in some acid
soil locations. Lavy and Barber 139] concluded that a concentration of 1.6
ppm Mo or less in seed of untreated plots assured response to applied Mo.
Seed treatment would seem to be good insurance for regions of highly leached
ancient soils, acid in reaction, as has proved desirable for maize production
in the high veldt of Swaziland 140]. Neither sources nor rates of Mo seed
treatment within practical means followed by extended seed storage have
caused germination loss of significance [41].
Few field data exist on yield response of soybeans to Cu and Mn except
on organic soils. Neither is there much evidence of B deficiency of the
crop with soils on which it is commonly grown in the U.S.
Variety-Fertility Interactions
Significant varietal differences in yield response were reported over
a wide range of P treatments by Howell [34]. Later, Howell and Bernard [36]
classified 44 varieties according to sensitivity to high rates of fertilizer
P. Certain plant introduction lines were reported by Dunphy et al. [42] to
be outstanding in their response to P and K fertilizers, which characteristic
was consistent from year to year. Highest yielding lines were also the
most responsive to fertilizer. Hughes [42a] grew 18 varieties and 2
experimental lines for two years on a productive soil with two fertility
levels provided, viz., none and 108 + 47 + 65 kg/ha annually. Significant
differences between treatments and between genotypes were found for seed
yield and for uptake and accumulation of N, P, K, Ca, Mg, Cu and Fe. Close
relation existed between yield and leaf N, leaf N and leaf P, and leaf N
and pods per plant. It seems quite apparent, therefore, that yield response
to nutrient investigations must take into account the genetic materials
employed as these may determine results and recommendations.
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Peterson [43] carried out a detailed field study for identifying soy-
bean lines more responsive to P fertilization than those commercially grown
and for evaluating chemical composition and nodulation properties of the
responsive lines. Four promising experimental lines were selected from a
preliminary study involving two P levels of 0 and 560 kg/ha broadcast.
Fertilizer P was placed in a 15 x 15 cm zone of the seed row for the four
promising lines and two standard varieties at rates of 0, 150, 300, 600 and
1200 pp2m P. Seed yield increases were quite consistent up to 600 pp2m P.
Response was due to seed set rather than seed size increases and occurred at
rates where concentration of P in leaves exceeded recognized optimum levels.
He concluded that improved N supply for the plants and not improved P
nutrition per se was responsible for the yield increases at the highest P
rates. Increased nodulation due to P was not solely responsible for the
altered N supply, since even those varieties without seed yield response had
increased nodulation from P fertilization. An interesting adjunct to this
,study would have been a nominal fertilizer N application to determine if it
would have similar yield effects.
A philosophic attitude has developed on the part of some who have worked
with soybeans that if the nodules were removed the new genotypes might act
like other crops in their response to N and thereby allow higher yields.
Evidence to date with non-nodulating lines, however, has not been especially
promising in this respect. For example, in no case did Weber [23] working
with a pair of nodulating and non-nodulating soybean isolines obtain seed
yield of the latter exceeding the nodulating line, irrespective of rate of
applied N. With moisture limiting, 56 kg N/ha was needed to approximately
equalize yields of the two lines, but with favorable moisture 169 kg N/ha was
not quite sufficient to bring the non-nod line to equivalence. Where severe
N deficiency was induced by addition of ground maize cobs, 675 kg N/ha was
required to bring the non-nod line up to the approximate yield level of the
nod line. At the 675 kg rate the nodule mass of the nod line was reduced to
about 1/5 that where no N was applied.
Influence on Subsequent Crops
In the central U.S., soybeans most commonly are planted after a year or
more of maize in anticipation of the crop having access to significant amounts
of residual fertility from that applied for the maize. Previous discussion
has emphasized the limited response of the beans to fertilizer directly
applied but also the benefit derived from a good overall nutrient supply in
the soil. It has been well recognized, too, that maize following soybeans
commonly yields better than when following maize or other nonlegume crops.
This has been attributed to higher levels of available nitrogen and a better
physical condition of the soil. Thus, Weber [15] reported the residual
benefit in short-term rotation studies of a nodulating soybean crop to be
some 37 kg'ha. Prior to the advent of extensive fertilizer N use on the
maize crop, i.e., before the mid 1950's the greater residual soil N supply
was presumably the dominant factor. Even with N compensated in recent years,
however, benefits are still noted following beans which must be in large
part related to soil physical properties.
Farmers readily observe that soils on which soybeans have grown are more
friable than following other crops. Experimental data have confirmed in-
creased soil aggregation and this has been attributed to the protective
canopy of the crop, desiccation of soil due to high root concentration, and
increased aggregation from decomposition of roots, nodules and tops [44]. It
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is believed that wetting and drying was the dominant aggregating agent.
Soils under soybeans have been noted to be notably drier in the surface
30-40 cm than under corn, explained by the proportionately greater root
concentration in surface layers and by the greater water requirement per unit
of dry weight.
The looser and better aggregated soil, especially when very fine text-
ured, has also been responsible for better water penetration from rain or
irrigation [45]. The consequent reduction in runoff loss, too, may have
been a factor in the increased yields noted after soybeans in cases where
moisture supply was critical.
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ABSTRACT
The present report desacibea and discusses the resulta
that were obtained from several series of field and Creernhouse
experier.nts to study the following topics :
I - Response of bean plant ( Vicia Faba ) to N, P & K .
II - The comparative effect of the soil and foliar application
of 1. on bean plant.
IlI- The effect of salinity on nodule formation, yield, N and
I uptake by bean plant and cowpeas.
The main target of these studies is to increase the pro-
duction of such crops through the efficient use of fertilize r
and soil reclamation.
I- The First Topic 
Response of beatn plfnt ( Vicia Faba ) to I, I, & K.
A- Introduction :-
( Vici a b ), the bean plant is one of the most ltportant
winter leguminous crops raised for seeds in E.ypt, It ooes its
irportnrxce cheifly to its high protein content as it contatins
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about 24 '1. It is also well supplied with and Ca, In
add'.ltion, it is relatively not .xpenilsive crop to produce aid it
proi'tces hijh return when properly gfroim.
According to the avaiae  o'tiatistica ( 1 ) an area of
about '316.722 acres was cultivated by this crop in 1970. nThe
total. production of which was 277.4"34 metric tons of grains --.'-ii
an average yield of 876 Kgs / acre, Such an average s muchi
ht-ier Uth.un any of tnose of Italy, Sp.ai-n, xetico & Brazil; but
it in still lower tan t1hose of iiest (ermany and Britain,
It is beleived that under local condit;ions, the avera:te
yield of this crop could be raised by plynting thte hih yield
potential varieties and improving the cultural practices.
naorng, these practices, is the adoption of proper -er'i.liza'tiono
B - Objectives :-
Thle objectives of this topic could b'e sLumarized in the
follcwing .
1- Stud.yinr t-he response of bbean pl,:t to IS, I & K mand detezr.-in-
ing tne optiinurl e onoticaL rate of fertilizer reco:: eondation.
2- Studying the relationship between the soil test values erd
the response of bean plant to various nutrient elements.
C- Experimental i'ork :-
For the perpose, two series of field experiments were
conducted. The main feature of these experiments was that
they were carried out yearly in different locations for conside-
rable length of times. Thus valuable accumulation of experi-
mental results were secured with great number of replications.
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The first series of experiments was initiated in 1959/6o.
During a four year period ( 1959 / 60 - 62 / 63 ) fifteen simple
field trials were conducted in Lower, Middle & Upper B'pt as
a pilot work to explore the major nutrients which are lacking
in Egyptian Soils fofbean production. Sites were chosen to
t.pify major bean cultivation regions.
Each experiment consisted of 5 manurial treatments as s1own
in table (1). The experimental set up was designed in rando.
mized complete blocks in four replications.
In the light of the experimental data obtained from the 1- t
series, the manurial treatments of the second series were planned
to have more information about the response of this particular
crop to different rates of nitrogen and phosphorus and the inter-
action between these two nutrient elements when they are applied
together in different combinations. In addition; the relantin-
ship between the soil test values and the response of bean plant
to N . P was also examined.
A series of 25 field trials - over a five year period
( 1956/67 - 70/71 ) - was conducted througout the country rep-
resenting the major arena of benn plantation in rjpt,
Each experiment consisted of nine fertilizer treatments
including three levels of each of N & ' amnd the different comb.na-
tions of the two elements. The levels of nitrogen were 0, 18 &
36 Kg fl/ta and three levels of i were 0, 36 & 72 Kg P 2 0 5/ha.
The exper.L'ental set up wa~s designed as a factorial, experi-
ment in randomlized complete blocks having five replications.
115
Composite soil samples were taken from the experimental
sites to the depth of 25 c.m. The soil samples were airdried,
ground to pass ltrough 1 m.m.
Available 1*. which include the total nanmonium and nitrate
nitrogen soluble in 1 3o K 2 S0 4 solution was determined according
to Koing method (1930).
Available P was determined by two methods namely; Clsen
et alo (1954) & libbard (1931).
Other chemical constituents were determined according to
the Official chemical methods ( Jackson 1958 ).
D - Reault & Discuasion :-
1 The First Series :-
Data obtained from this series are presented in table (1).
It is clearly demoneatrated throughout the results that bean
plant did respond significantly to I and P when each of them
was applied alone or when R was combined with P.
The % increase in yield due to N application at the rate
of 18 Rg IJ/ha was 12.4 over that obtained from the check treatment.
Increase .in yield due to P application at the rate of 54 KW P 2 O5 Aa
amourted to 14.3 % · h,,hen N & P wore applied together at the
eame rates the yield was more pronounced than that obtained from
either 1 or P alone. 5c increase in yield over that obtained
fron the control was 19.3.
Cn the other hand yield increase due to K application was
neither siaificsant nor economical ,and could be neglected.
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Table (1)
Response of bean plant (Vicia Faba) to N. P & K
( Average results of 15 field expts).
Manurial Treats. in Yield in Increase 
-Kg /ha,--,~-,,,-----., over
N 2.O5 K2 0 Kg/ha control Increase2 E205 2 0 KpK/ha
- - 3118 - -
18 - - 3506 388 12.4
- 54 - 3565 447 14.3
18 54 - 3720 602 19.5
18 54 35 3761 645 20.6
L.S.D. ( .01 ) 284
(.05) 214
_____ _ _ __ _ _ _ _ _ m -_ -_ - _ - - - - - - - - _ _ _ _ _ - - _ _
Therefore, such pilot work has revealed that N & P are
of significant importance for acheiving high yield of bosan plant.
As for potash, experimental data proved that Eigptian soils have
enough available K to meet the nutritional requirements of this
particular c-op Such result was in close agreement vith the
previous findir.s of several workoer ( Shalaby 1950) Serry &
Banna 1962 & Hflrissa et al. 1969 7 wxho pointed out the aldequate
amounts of available potassium in 1Eptian soils.
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2. The Second Series :-
The data obtained from this oeries are presented and dis-
cussed under the following headings.
a. Response of boan plant to %i.
b. Response of bean plant to P.
c. Responsne of bean plant to N & P finte-zactiono.
d. Yield production of & P unit.
e. Soil description and the relationship between soil test
values and the response of bean plait to N & P.
a- Response of bea.n plairt to J.
dSi=-=3===a3 =I==S==SS===9=;=S=C=-=1===!=
Average reoults of 25 expeorienots are reported in table
(2). It is clear out of these data that bean plant responded
significantly to N when applied alone. In this series of
experiments, the increase in yield due to N application ranged
between 10 to 11 % over that obtained from the check treatment.
however, i has been shown that no significant effect had been
obtained when the rate ot N was increased from 18 to 36 Kg KlAlao
indicating that if nitrogen has to be applied alone high rate is
not preferable. It has been also reported ( ,akrman 1932 &
Erdman 1953 ) that in fertile soil well supplied with available
N there may be little fination as the legume plants seem to use
+his available N rather than encourage the bacteria to fix more
of it.
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( Table 2 )
Response of bean plant to N at different rates
(Mean results of 25 field expts. )
Kg i/ha- Yield in Inerease over %
Kg/ha. cont. Kg/ha. Increase
- 2687 ---
18 2956 269 10
36 2982 295 11
1 %b 3188
L. S. n.
5 140
-- - - - - - - - - - - - - - - - - - - - - - - - - - - -
b- Response of bean pl:nt to P
tsaE i== = = = =i3 =U :2== U:= :U===:= -= t==3
Table (3) illustrates the effect of P in different rates
on the yield of bean plant. The results show that the yield
was consistently and si'iificantly increased as a result of P
application. % increase in yield over that obtained from the
check treatment due to P application amounted to 11.7 & 19.8
for 36 & 72 Kg k 2 0 5 /ha. respectively. Fiurther work in this
respect (8 inldicated that no significant increase in yield was
obtained beyond these rates.
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Table (3)- Response of bean plant to 1 at different rates.
( eanr results of 25 field expts. )
t 05/ha. Yield in Increase over %
Kg/ha. cont. Kg/ha. Increase
-~- 2687 - --
36 3000 315 11.7
72 3218 531 19.8
.01 251
L.*.f. C,5 185
_______- _ _ - _ _ _ _ _____ __ -- ---- -- - -- ---- --- ---- -- ---------- --
c- Effect of N & P in different cambinations.
t»»» : =3= :3 = =; =: Kss = _t s_ =sss := a 
Data reported in table (4) indicate ~ the effect of
the interaction between. N & P when they are applied in different
combinations e
As it is shown that the mximumu increase in yield wao
attained by the use of 36 kg N & 72 Kg P 205/ ha. At this
rate the increase in yield over that obtained fron the control
amounted to about 50 7.
In general; such results were in close agreement with
the results obtained from the I-2- series confirming nte nece-
esity of the two major nutrient elements ( N & P ) for acheiviung
high production of this particular crop.
The data also support the previous findings of Cracie &
Khalil (1948) and Taha, Zaki & IHammad (1963).
120
Tabl 0 (4) - Response of bean plent to si 6& in different
combinations.
ean.. .of 25 field ecpts. )..
Kg /ha Yield in Increase %
over cont.
N P205 Kg /ha. Kg/ha. Increase
-- - 2687
18 36 3166 479 17.9
36 36' 3218 531 19.8
18 72 5551 664 24.7
36 72 3484 697 29.7
.01 273
L.S.D.
.05 207
_____- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - __
d- Yield iroduction of h Z P unit.
The over all average increase in yield due to the applica-
tit onf I kg o ea ch oe f V & POR20 when they were combined t;oecher
in tle most effective treatrernt - (72 Kg 220C & 53 Kg N/ha).
was calculated and presented in tablee ( 5 & 6 ).
Table (5)- Average increase in yield in Kg. bean seeds
per one g Ni/ha.
(Average results of 25 field expts. )
Fertilizer rate (Xg/ha) Yield in Increase in iav. increace
--.-..-.----.-.-.-- - . yield due to due to
I;2oO N Kg/. N, (K /pia.) 1 Xz i
,, ..... --.----.--------.---..-----.---....-.. . --. .--J-L.-.-
72 - 3218 --
72 56 34.84 266 7.4
AS indicated in table (5) aver- ge increase in yield. per one
K: 1i was 7.4 KeS. bean sceds /ha.
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Almost the saeo result was obtained as far as I is concirned.
Data reported in table (6) indicate an average increase in yield
per one Ig P2C was olout '7 gs. bean grain /ha. which was compe-
table with that obtained from one Kg. of N. Taking the ecrno.;lical
eide in consideration and according to the current prices of lte
fertilizers N & P and the crop produced, such .increases in yield
secure a very good return, Aiother point could be detected from
the data obtained concerning the not return resultin[g from each of
the two nutrient elements. As the P unit i: much cheapel than
the B Untit, therefore it could be stated accordintg to the results
at ihad, that I application. is more profitable tlhan IT application
for bean production. However, to obtain the highest yi.eld both
nutrient elements should be applied.
Table (6)- Average increase in Yield kin Qt bean
seeds per one Kg .2O /h n-
Fertili.zer rate (Kg/ha) Yield Yield i v. increaase due
…-------------..-.---.-- . increase to one
WR 25 Kg/hc g h. 0 Kg 1- 
Kg_ /h~. K_2 i
36 -- 2982 
36 72 3484 502 7.0
___-_ - _____ - _ _ _ __ - ________ -____ ----- _ -______ -__________________
x Mean results of 25 field experiments.
e- Description of the soil osamples used in the study:-
s==s= -== s= =Cs3:ac== = ===3as-=-==-_=32=-_3=-=,a=__=-_
As mentioned before, soil samples were taken from 25 eccprir:e-
ntal sites for description and chemical analysee. The sampleo
covreod eleven main governorates and represent to a fair extent
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the ,iyo of soils unrder bean plant cultivation, In general most
of these soils are classified according to the world ao.l z.tap as
Fluvirol0 soil. The chemical analyses of theoe sam:ples are pr&-
sented in table (7)} It is clear from the data reported n the
table Jthat .there is a wide range in the different chemical conati-
tuerntr of tile various soils. Holuver, average resul's indicatoes
that pH values of the coil tested fell in the range of the alkaline
reaction. Soias are gcrne-ally rich in calciun carbonatote and
poororn organic matter. Average detnrminratins of the tot'al
solu'le salts are low and ndrer the level of toxicity. As far as
the -, .1- & K are concerned, in general ost of the soil s:,-nples are
poor :i.' nitrocen, moderate in P but fairly rich in K.
Table (7)- Chemaical analyses of soil samples ta.ken
from 1the different sites of the
experimental fields.
Detemincation IRange of results Meoa
of the different samples Values
pH 7*2 - 8.7 8.1
Calcitum Carbonate 2.3 - 10,4 3.7
Orsanic matter % 1.29- 2,38 1.63
Total Sol, Salts % 0098- 0.20 0. 13
ToBta N content % 0.08- 0.18 0.11
Soluble N in 1 % K 2SO4 ppm 21.0 - 94.0 52.0
Nitrate N ppm 3*0 - 36.0 1560
Available - P in Joil :
Olsen Method ppm 4.0 - 28.0 16.0
Hibbard Method ppm 0,1 - 4.4 1.8
Available - K ppm 175 - 800 423
(M/?/>l / e /e c atfr.)
a3£e 0s2===s3=== s3 Or=9s==- ssn ss== Si-== a 3S-asc Sa ==ns=s==== ==3==- -33
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Relationeii be.Zesoil test vlue d theresUon-e ofx bean
to P :-
Correlation coefficients were used to study tne relation-
ship between the soil test values and the field results. 'Iile
total soluble nitrogen content in the soil was correlated with
tie 1- index, which indicates average yield response of be.n to
I fortilizer treatnents. Amounts of available P in soil sjnples
were also correlated with i-index which indicates average yield
response to phosphorus manured treatments. In other words, 5
yield was taken as an ind-ex for evaluatihng tie validity of soil
test values. The % yield was calculated accordidg to the follow-
ing equation:
Yield Yield without the tested nutrent 100
Yield with tested nutrient.
The obtained statistical correlations show the followings .:
12- )_Jitroer-correlations :-
As indicated from the results presented in table (8) the %
yield values showed that bean plant in 20 out of the 25 field
experiments were positively responsive to N fertilization.
However no significant correlation was obtained between N-index
and the soil test values for soluble N extracted by 1 % K2 S0 4
solution. Thus, other chemical methods for estimating the availa-
ble N in soil should be tried in tbio respect.
2-= _Ehosphorue' correlations_:-
The available phosphorus content in tne soil samples as
determined by Olsen's et al. (1354) and Hibbard's (1931) nethods-
was correlated with I- index. It is obvious from the results
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No.
_ _ _ _ _ _.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Table (8)- Correlation between response of horse-bean
to N & P fertilization and Soil testing values.
I - Avaiabl vaila le Available Av:
Looaity N-index P-index 
ppm p 1
Behera 63 25 52 4
Kafr ElSheik 95 33 97 20
Garbia 85 63 88 20
Garbia 85 63 95 13
Garbia 76 22 66 27
Garbia 96 33 101 21
aila'ole
libbard
Ppm p
1.1
0.8
0.8
1.7
0.4
Garbia
Garbia
Kalubia
Kalubia
iKonofia
bonofia
Dionofia
Sharkia
Giza
Giza
Beni-Suef
Fayoum
FPayo um
Minia
jbinia
Milnia
itinia
Souhage
Youhage
82
82
97
99
88
98
84
89
84
101
75
105
94
77
103
100
109
91
79
60
75
34
75
65
94
40
28
57
49
65
33
70
81
93
97
101
71
92
88
90
71
99
60
94
34
86
115
72
102
105
74
16
13
6
18
5
27
28
7
25
14
7
13
28
14
2.7
4 4
1.5
2.5
1.2
3.9
2.7
0.7
3.1
0.1
0.9
1.5
0.9
2.4
d.f. 17 18 17
r - 0.15 - 0.30 - 0.39
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presented in table (8), that about 80 % of the soils gave positive
response to k fertilization while 20 U ' was not responsive. Tle
correlation coefficients between f-index and amourts of available
phosphorus determined by the two chemical methods were also found
to be insienificant indicating a real need for a concentrated
research effort on soil testing metiods.
E- Summary sad Conclusion :-
A long term study was carried out throu<g out the country
to chock upon the response of bean plant ( Vicia Faba ) to i', P
& K .
Two series of experinents were conducted. The first series
was a preliminary study to explore the major nutrient elements which
are lacking in BEgptian soils for bean production. It included 15
field trials accomplished through the period ( 1959/60 - lo62/63, ).
In the light of the data obtained from the first series, the
manurial treatments of the second series were planned to have more
information about the response of this particular crop to different
rates of N & P and the interaction between the two nutrient elements
when they are applied in different combinations. In addition ,
the relationship between the soil test values and the response of
bean plant to N & P was examined. 25 field trials teore
conducted over a five year period ( 1966/67 - 1970/71 ),
Corposite soil samples were brought fron each experimental site
for soil description and chemical analyses to asses their fortility
status. Available nitrogen was extracted by 1 % K2 S0 4 solution
and available phosphorus was determined by Olsen's and hi.bb'rd' 
methods. Correlaticn coefficients were used to st.dy the relation-
ship between the soil test values and the , yields.
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The main findlngs of the two series could be su.nmari.sed
in the following :-
1. Bean plant ( Vicia Faba ) did respond signLifict n l]. y to N
application in different rates. Increase in yield due to
K application ranged between 10 - 12 %- over that obtained
from. te chleck treatlent. However, no significoan dniff-re-
nce was detected beotween the application of 18 and 36 Kg N/het.
2, The general magnitude of. response by be;an plant war. rather
high. Yield ilcreased gradually and significantly as the at'e
of P application incroased up to 72 'Kg -B205/ha. Inc.rease in
yield due to 3 application rxanged between 117 and 19.8 3
over that obtained from the control for 36 and 72 Kg B 2 c3 4'.
respectively 
35, LTe maxim. yielid a obnd ti efrom the combination of L' &
P at the raCte of 36 Kg N and 72 Kg P 2 0 5 per h-eotar Increase in
yield due to the application of one kg of N under such treattment
was estimated on the average by 7,4 Kgs bean seedos For one kg
of 1 205, the increase in yield was 7.0 tgs of bean seeds. Such
increases in yield secure a verj good return.
4. Eo Eignificant effect was detected due to K, indicating that
bean plant does not require any application of potash.
5, I-xnd P- .I-de;i, studies revealed that about 80 % of the fisld
trials .id reospond positively to 1 and ', The rest did not
give any repo.aose
6. The responses of bean plant to IT & P applications were not i'ell
corre:lated with the soil test value indicat.ing a, real lnee: .te;
a cnceentrated research e;ffeort on.2 e r:.oil tes ting..t. methodv
127
References
1. Department of agricultural Economy and Statistic 1971
Per-Sonal Contact kin. Cf. Agric. Cairo
2. Erdman, L. W. 1953
Legume inoculation; what it is, what it
does.
U.S.D.A. Bull. 2003.
3. Gracie, D.S. and Khalil 1948
The total and available phosphoric acid
in Egyptian soils and the effect of super-
phosphate oil the main Agric. Crops. lin.
Agric. Bull no. 251 Cairo.
4. Hamissa, K. R. and Eid, M. T. 1969
Maximium Fertilizer Limits For Cotton
Maize, wheat and Rice. hbs. J.e1l-Felaha, 49,
1U.A .R. ( In arabic ).
5. Hibbard, P. L. 1931
Chemical methods for estimating the availa-
bility of soil phosphorus. Soil (Sci., 31.
: 437 - 467 
6. Jackson, M. L. 1958
Soil Chemical analysis; Prentice
Hall, inc. Inglewood Cliffe, N. J.
7. Koeing, J. 1930
Die Frmittlung des Dunger bedurrfi.sses
des Bodens, P. Parsy, Berlsa. (Afler Allam).
8. Plant Nutrition Section (1971)
Experimental Results
Data partially unpublished, iMin. Agric.
Oairo,
9. Olsen, So R. et al, 1954
Estimation of available phosphorus in soils by
extraction with sodium bicarbonate, U.S. Dept.
Agric. Circ 939 .
128
10. Serry, A and S1 Banna, 3. 1962
A study of correlation between rapid soil
tests and response of grand nut to K
application of some Sharkia sandy soils in
pot experiments. Agric. Res. Rev. Min. of
Agric. Cairo, 4 no. 4 (40 - 48).
1. Shalaby, A. 1950
Scientific Research results as means for
improving agricultural production in Egypt
Egyptian chemical Soc. 2 MA annual meeting
Cairo.
12. T.ha. .S  ., Zaci, snd Mahmoud, S. 1968
Inoculation of Ieguminnous crops with
.hizobia.
El-Felaha,, , 34 Cairo ( In Arabic ).
13. Waksman, S. A. (1932) Prnrciples of Soil 1icrobiolor;
WilliamJs and Wilkino, Baltemore, Md.
129
II- The Second Topic
The Comparative Effect of The Soil And
Foliar Application of 1. on Bean Plant (Vicia Faba)
X:a=== = _= =3x= S=at- - =_ ==- _Sz = =s 2 =a5 _ __= ci==t== !
A- Introduction :-
During the recent years, there has been a surge of
interest in the spaay application of fertilizer to the foliage
of plants as a means of feeding plants the major elements,
particularly phosphorus.
Much research has been done throughout the world on
this subject, but very little studies were carried out under
local conditions.
As it is Known that i when applied to the soil undergoes
several reactions and may become bound to the soil complex
resulting in reducing its availability for the plant. Thus.
it is thought that foliar application may provide more effici-
ent utilization of this particular element. On this concept
the investigation was based . Research on this subject is
still under way tackling several angles, such as the utiliza-
tion percentage of the P applied to the plant, the time of
spraying and the concentrations of the solution to be used on
different crops.
The present work will deal only with the increase in
yield due to foliar application in comparison with soil
application.
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B- Experimental Work :-
5TSree field trials were conducted in different location
to compare thle foliar application of fertilizer phosphorus
with soil application.
As shown in table (4) each experiment was consisted of
seven treatments including P in two rates namely 18 and 36
Kg P205 /ha. Each rate was subjected to different methods
of application. The experiment wa- also included a control
treatment to check upon the response to P. in general .
P was applied in the form of monocalcium phosphate.
Soil application of P was applied preplanting, while the
foliar application was splitted into three equal doses to be
sprayed three times namely; After one, 1- and two months
after planting. The concentration of lte phosphatic solution
was 2 % *
The experimental set up was designed in randomized
complete blocks in four replications. A representative
surface soil sample to the depth of one foot was taken from
sitte
each experimentalfor chemical analysis and soil description.
C- HEsults and Discussion :-
1. Soil Descriition :-
Average data of the chemical identifications of the
soil samples used in the study are presented in table (1).
In general, it could be noted from the background data of the
soil analysis that the soils tested are slightly alkaline in
reaction and contain ample naounts of calcium carbonate,
Soil organic matter content is rather poor. ii fairl
low concentration of the water-soluble salts prevailed in the
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eoil samples. Available nitrogen - extracted by 1 % K 2 0O4
solution is 55 ppm. Available P. determined by Olsen mothod
is 3.4 ppm,
Table (1)
Background data on coil analysis (Depth: 0-25 cm)
O.M OaC03 E.O Total Available N m P in ppm
f% %i M.M % N T '* Soluble
$% K2 S04 No 3 P Olsen
8.0 1.6 5.2 0.40 0.088 55 10.5 3.4
e_______ _ _ _ _ ____ _ ___w~ _ _ _
2. Yield Data :-
___ ___ _ _ __
The experimental data are surmmarized and grouped unlder the
following headings .
a. Response of bean plant to P.
b. Comparison between soil and foliar application of
fertilizer P.
c. The various combinations of the fertilizer treatments.
a, Response of bean plant to P.
Yields obtained from the control treatment, 18 and 56 kg
P205 / ha. were grouped - regardless the methods used for appli-
cation - and presented in table (2). As demonestrated from
the data reported, bean plant responded markedly to P applied
in different rates. Average yield in the check treatment was
2827 Kg /ha; with 18 Kg P 2 0 5 /ha. it was 3387; and with 36 Kg
P2 5O/ha. it was 3711. Increase in yield due to 1, applica.ion
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a.motutod to 19.8 %:3 and 31.3 - when 18 & 36 Kg P205 /ha. were
applied respectively. Thin fact showed that the resultt aro
varluable to discuss the effect of P applicatiSn on Yield :;i ,
applied by different methods.
Again the data obtained, in general, coincided with the
results of the series of experiments previously discussed under
the first topic.
Table (2)
Response of bean plant to P ( average of 3 field trialc)
Yield Increase over f
Kgs P 2 0 5/ha. control
Kg / ha Kg /ha. Increase
0 2827- -
18 3387 560 19.8
36 3711 884 31.5
- ---- ---------------------- ---
b- Comparison between eoil and foliar application of
fertilizer P.
Data reported in table (3) represent the average yields
obtained from the differert methods used for P application -
regardless the rates of fertilizer application used. Consider-
ing the general average yield of the soil application as loo,
the relative value when half of the amount of P was applied as
foliar end the rest as soil application was 109. The yield
was more pronounced when the whole amount of P was applied as
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foliar spray, as the relative value in this case was found to
be l'.l7 binicatinr a hi-tier efficiency of the phosphorus when
applied as a foliar application to bean plant. :such result
wtas in close ae.reaeent with the fblidtngs cf (I'gorov (1957) ,
Wittwer (1957), Laot & 1hour (1961), Kabish (1965) & Abdou (1968)
who pointed out the superiority of the foliar spray of fertilizer
P to the soil application.
Table (3)
Comparison between soil and foliar application of
fertilizer P (Average results of 3 expts.).
Treatment Yield Kg/ha. Relative yield
Scil application 3268 100
½ Soil + i foliar 5568 109
Foliar application. 3810 117
- - - - - - - - - - - -- - - - - - - - - - - - - - -- - - - - - - - - - - - ---__ _ -- - - -- - - -_ _ -_ _ _
c- The various combinations of the fertilizer treatments:-
Data reported in table (4) indicate the average yields
of various combinations of the rates of E when applied by
different methods. The data show conclusively that under
each rate of i application, the foliar method over-yielded the
soil method. When the amount of P was divided into two halves
to be equally applied as soil and foliar application, them yield
in this case was in between those obtained from the two methods.
The most interre.ting result which could be detected from
the data given in table (4) is that 18 Kg P205/ha. applied as
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foliar atplication did produce the same yield, but little nore
thon that obtained from 36 kg P 20,/ha. added ae soil application.
In other words, foliar application had increased the relative
effectiveneas of the P unit.
fable (4)
VarAoue co'!abiat.lons of ratc9 sand nrothod of P akppllate on
( Average results of 3 expts.).
IkeU 'od of P205 Yield Increase %
application Kg/h. I.gOv/. ovor control iCorea
A<?9g/ AO
0 0 2837 
soil 18 3C99 272 9.6
Aptlioation 36 53435 603 21.5
- Sooil + 18 3391 564 20,7
t Foliar 36 3746 919 32.5
Follar 18 3566 839 29.7
Application 36 3954 1127 39.9
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D- Siummary and Conclusion :-
Three field trials were conducted in different loca-
tions to compare the foliar application of fertilizer P with
soil applicationo Bach experiment was consisted of seven
treat!rents including in two rates namely; 18 and 36 Kg
1 205 /ha. Each rate was subjected to different methods
of applications. The experiment was also included a con-
trol treatment to check upon the response to P in general.
k was applied in the form of morocalciun phosphate.
Soil application of P was applied preplanting, whbile the
foliar application was splitted into three equal domes to be
oprayed three times namely; after one, l: and two months
after plmating. The concentration of the phosphatic solution
was 2 % .
The experimental set up was designed in randomized
complete blocks in four replications. A representative
surface soil sample to the depth of one foot was takion from
each experiment for chemical analysis and soil defscription.
The following are the most important results :
1. Bean plant did respond markedly to P application. The
yield increased gradually as the rate increaoed. %
increase in yield over ~s that obtained from the check
treatment amounted to 19.8 & 31. vwhcn 18 and 36 Kg P 20 5 /
ha. were applied respectively.
2. Foliar application of P to bearn plixr:t was markedly superior
to the soil application. 18 Kg P2 CY5a. applied as foliar
aplication yielded little mrore than 36 Keg 2 05 /ha. did
when applied as soil application.
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IIl - The Third Topic ~
Effect of ,Slinity on Hodule ForxMation ,Yield,
& p? Uptake bvy vcrie L.g.ume Crops,
A- Introduction :-
The rneed to provide aoditional land for farming, in
order to feed ever increasing populations in Egypt has
intensified the interest of the agriculturists and the
goverment planning aUthorities in various types of unproduc-
tive luid, Aimoug these types are the saline soils , wich
comprise vast areas in the Tile Valley particularly in the
northern part of tI Dellta. Such areas are soils on which
most crops cannot maike normsal growth owing to the presence
of soluble salts in the soil solution in higFl concentration.
It was the target of this investigation to study the
effect of recla.aation of saline soils on nodule formation,
yield, nitrogen and phosphorus uptake by two legumi:ous plants
namely, bean plant and cowpeas.
B- Matertala & Methods :-
'Qhe effect of allniltty and soil reclamation on nodule
foxrmatAon, yield, N and P? content of two Leguminous crops
namely: be.n plsnt (Vricia Faba) arid cow peas (Vigna zSinensis)
was studied In a Zreenhouse pot expertrment
t This topic was done with collaboration of Dr. il. Kamel &
Lr,. i.. lborhinm of the baco of Agric El-Azhar Univ. and
i.$, kadr plant Hutrition ;jection M.in. of Agriculture,
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The physical & Chemicalc properties of the soil used
were determined using the official methods reported by
(Jackcon 1958).
The toxic salts were Leached by tap water. Leaching
was done by flooding the soil each week after which, it was
left to natural drainage.
Soil was divided to five parts where the first part
tas .left without leaching, the second part was Ieached once,
the third, the 4th and the 5th parts were Ieached twice,
three & 4 ties erespectively.
Earthenware pots measured 25 cm in diameter were used,
each pot received 5 kgn of soil and replicated for 4 times.
Bean plant and cow peas seeds were planted as legume
test plants. Inoculation was carried out at planting time.
Two weeka later seedlings were thinned to 5 plants / pot.
Fresh, dry yield, N & P contents of the plants were
estimated using the analytical maethods reported by piper
1947 & Jackson 1958).
C- Results & Discussion :-
1. Definition of the soil sample :-
The physical and chemical composition of the soil used
for the investigation are presented in table (1) . The data
indicate that the soil is a clay soil having 50 % & 18.5 %
clay and silt particles respectively. It is poor in O.1.
but very rich in exchangeable K. The concentration of avai-
lable N & P was rather high. As for the total soluble salts,
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5 % could be considered as a high toxic level of salt content
tmder which no or very poor growth of plants should be
expected.
Table (1)
Analyses of the soil sample used in the study
Analyses Contents Analyses Contents
- - - - - - - _ ___ _ -- - - - --- -- - --- - -- - - -- -- -- _
Texture
Coarse sand
Pine sand
silt
Olay
Calcium carbonate
Organic Matter
Total Soluble Salts
0.78 %
20.90 %
18.5 %
50.0 c
2.81 %
1.17
5.20
pH value
Total N
Total P
Soluble N (1% YX2 S04 )
Available P (Olsen)
Exchangeable
K (Amm. acetate)
7.8
0.072 %
.124 %
100 ppm.
33.9 Ppm.
920 ppm.
2- Effect of Leaching on salt content & pi value of the soil :-
Data reported in table (2) indicate that Leaching of the
soil markedly decreased the amounts of toxic salts. In both
experiments, the maximum amount of salt were removed after the
first Leaching; There-after a gradual decrease in the salt
content was noticed. However in the bean plant experiment,
the drop in the salt content as a result of leaching was greater
than that in the cow peas experiment. On the other hand pH
values showed a gradual increase as a result of Ieaching of
the toxic salts. Similar results were recorded by Taha,
Me1hmoud & Ibrahim (1967),.
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Table (2)
Effect of leaching on salt content and pH value
Number of Bean plant Expt. Cowpeas Exrpto
Iteachin.gs T S.3.o %i pH T3.S.. % pH
- 5.2 7.8 5.2 7.8
I 0.98 8.0 2.13 7.95
II 0.60 8.0 1.98 8.00
III 0.23 8.15 1.46 8.00
IV 0.20 8.35 1.04 8.00
T. .S . - Total soluble salts,
3- Effect of reaching on the number of nodules of bean plrait
_____ _ __ ___ - -._____ -  - --- _ - - --------
and cowpeas plants :-
As indicated in table ( 3 ) nimber of nodules was si-3ii-
ficantly affected by Leaching. The more the number of I.each-
.ngs the higher counts of nodules in both cropa. It is alao
noted that the number of nodules on the bean plant roots was
higher than theat formed on the cowpeas whicn ehowed no nodules
when the soil was not treated.
Table (3)- Effect of l eachjing on the number of nodules
of bean plrFt t copeas pl:rt
Irumber of Beam» plant Cowpea
To Numbeor ofleachins f£ . 9 u.iber of„. U  T Iuib r 
nodules nodules
-- 5.2 26 5.2 
I .98 133 2.13 12
II .6 133 1.98 39
III .23 176 1.46 72
IV .20. 151 1.C04C 93
L. S.. 5 , 1 56.3
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'able (4)
Effect of leaching on the dry matter of the broad eeh s
& Cow peas in g, / pot.
N)uaber of. _Bean Pi ant Cow PeashJnubr of
. . Seed Leaves Seeds Seed Leaves
Seeds Coats E& Stens Cooots Total ats & Ste-s Rloots Total
-- 13.7 2.91 5.58 1.66 23.85 - - -
I 56.9 8.86 12.83 4.78 63.36 1.6 0.5 C2 1.1 7.2
II 36.7 9.33 13.43 6,97 65.05 5.7 1.4 10,6 5.1 18.8
III 41.6 9.98 15.14 6.79 75.48 4,1 1.1 11.5 3.0 19.5
17 42.1 9.69 12.65 5.97 70.55 8.7 2.4 10.0 2.8 25.9
L,,.D, 5 % 28.! 2.4 0.69 5.55 1.69 9.04
4. fifecot of Leatchihn on thoe i.elde of b'e-:n plar.nt ca'. ow-
The effect of leaching of the tox-ic alto on the dry
matter yield of bean plant and cow peoa is presentdel in ta'ble
(4). Leaching of toxic salto silnif'ic.atly increased the
yield of the bemas and cowpeas.
For beans the average dry weight of seeds wore found
to be 13.70 ,./pot in the saline soil and increased up to
36.9, 36.70, 41.60 and 42.70 g./pot as a result of 1, 2, 3 &
4 leachings respectively. The smeno trend was recorded for
the different plant parts.
Similar trend was also noticed in cow peas results.
However, the data clearly show tlat bean plant was mote tolerant
to the toxic salts than cowpeas -hich fdiled to grow under
original salt content of the 0oil. Such results were in close
agreement, the findings of Bernstein (1953) & Ayers and Eberhard
(1960)%
It was aluo noticed that one leaching for the bean plant
and two leachings for the cowpeas had almost the same effect
of more leachings without any sitlifioant difference.
5. ?feet of lechin. on the N & P contents of bean llant
& cow .t}2:.-_!
Results of N & P contents ri bean plants sh E & cow-
peas plants which are recorded in table ( 5- ) show the samne
trend of yield results. Leaching the toxio salts eignifican-
tly increased the N & P content in the plants. For N., of
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coarse, no doubt that a part of the utilized N came from the
symbiotic N fixation by the increasing number of nodules as a
result of leaching the toxic salts.
It is also noticed that the amount of nitrogen utilized
by bean plant plants were much higher than that utilized by cow
peas plants denoting the great feeding power and the higher
nutritional requirements of the former crop.
Table (5) - Effect of leaching on the
of bean plant & Cow pease
K & P contents
Number of iMg. N & P / pot.
leaching sean plant cow peas
7N P N P
--- 712.3 73.8 - -
I 1567.4 15.4 158.8 22.6
II 1600.1 181.7 362.2 59.1
III 1948.5 169.0 402.6 57.9
IV 1780.9 156.65 528.6 59.9
L.S.ID. 5 , 807.3 180.3 23.2
__ - -__ - - - - - - -
- _______ __ _ _ _ __ m - -
D- S ary & Conclusion :-
The effect of reclmvnation of Ealine soil on the nodule
formation, yield, N & i content cf two lguininous crops nalmely,
bean plant (Vicia Faba) and cow i:eas (Vigna Sinensio) was
studied in a green house pot eypt.
T.e physical and chmnical composition of the saline soil
used were estimated.
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f;e toxic 3alts were leached by tap water. Soil sample
was divided to five parts, where a part was left without leach-
ing, leached once, Twice, three and four times respectively.
Bean plant end cow peas were planted in the soil, where inoctA-
lation was carried out with effective rhizobial cultures.
Results could be summarized in the following.
1. Reclamation of the saline soil oignificantly decreased the
total soluble aqlts. This however was accompanied by an
increase in pH values.
2. Nunbor of nodulss ahowed a significant increase as a result
of leaching of the toxic saltc.
3. Yields of bean plant & cow peas were significantly increased
by leaching the toxic salts.
However, bean plant has shown to be more salt tolerant
than cow peas.
4. N & P contents of bean plant & col peas plants were signifi-
cantly increased as a result of leaching the toxic salts in
the soil.
5. Aouats of N & Ic utilized by bean plant were much highcer
thirr those utilized by cow peas.
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BEAN FERTILIZATION IN CENTRAL AND SOUTH AMERICA
E. Bornemisza
Institute Interamericano de
Ciencieas Agricolas de la OEA
Lima, Peru
Abstract
Beans and other pulses are very important as cheap and high quality
protein sources for over 80 % of the population of Latin America. If
adequate varieties were used, in most instances, fertilizers containing
N and P have increased appropriately and economically the production in
volume but not in quality. Many problems remain however, to be solved,
the solution of which could contribute and to a better nutrition as to a
better economy of the rural population of a significant part of the region.
General con.sderationa
The main grain legume crop of South and Central America is beans
(PhsEolus vularg L.). In accordance to archeological evidence,
this crop in used as food for many millenia (),. It's widely diffuse
consume ha various explanations, as the antiquity of its cultivation,
its great adaptability to variable climatic and soil conditions and the
fact that it is the cheapest high quality protein which quite adequately
complements the main vegetable proteins derived from rice for about
one half of the population of Latin America and the proteins from corn,
used by about one third of the population.
A a result, large areas are cultivated to beans. Other pulses as
broad beans (VltcSi aba L.) and peas (Pif tt aantum L.) are also of
some importance in parts of the area. The extension of the land used
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for these crops in some countries forms an important percentage of
the total cultivated area, as for ex. in Perd where approximately
7, 5% of the agriculturally used land o planted to these crops.
Colombia also has an area exceeding half a million hectares in beans,
Soybeans (Glycine ja~ L.) and peanuts (Arcfhl hypo^aca L. ) are
also growing in importance in Latin America are important crops.
In spite that many areas have the adequate ecological conditions, the
average production figures for beans are low, as shown in Table 1,
which presents some representative average resultso
It is considered that these low productivities, shown in Table I are
generally caused by low yielding varieties, not responsive to fertil-
izer application (17), the damages caused by diseases and pests and
by low soil fertility Many experiments have shown that an adequate
control of one of these limiting factors can result in increases of pro-
duction in order of 50 to 100% and that a control of all mann limiting
conditions allows yield increases up to 300 to 400% (6, 11, 20).
It is also reported, that in spite that in many conditions it is econom-
ically advisable to use fertilbers, even in areas of rather progressive
agriculture, only a fraction of the bean growers use fertilizers. The
Cauca valley of Colombia can be cited as an example, where in accord.
anee to recent studies only one third of the bean produced receives
fertilizers.
The present paper presents a selection of experiments, hoping to
illustrate the problems of the region. This is not a complete liter-
ature review for which the Bean Bibliography, compiled in the library
of the Inter-American lnstitute of Agricultral Sciences should be
consulted (15).
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As most of the literature it concerned with responses to N, P and K,
these elements will rceive special attention while the problems of
liming and application of minor elements will only be considered
briefly.
Fertilization with, oph rus
As P deficiency 1s widespread in Central and in South America, re*
posses of beans and other grain logums to this element are common
(1, 2, 3. 5, 6, 7, 10, 12, , 1 5, 19, 20) In some instances, these
responses where small, a fact which various authors attribue to the
inability of the used varieties to respoad well to fertilizers (3, 13, 1 7).
It is believed also, hat a lack of more complete information, obtain-
able by more ofsticated investlgations, as for exomple tracer exper-
imeots on fertilizer placement or fertilizer form evaluation, could
bhed light on many poorly understood problems, permitiag a more
adequate use of fertfliers and of the natural resources present.
In some experiments, the lack of response to P is due to the residual
effect of the fertilizer applied previously, This was reported for
many experiment* in Central America by Litarraga (10) who noticed
a favorable response of beans to P applied to the previous corn crop.
As this rotation is rather common, it contributes appreciably to a
better use of fertilizer P. The effect of P application on the protein
contnat and protein quality of boan was investigated by Breosani (5)
who found liUtle iGluence of the fertilisaion o* these charactorlstice*
Only a few ~auro have evaluated economically their results (6, 10)
La an ntestlig paperG Conagin bas shown t*h economic soundaees
to apply variable P amounts to all studied soi~f o Sco Paulo (6). The
economic optima indicated varied from 46 to 1 38 kg P20 s per ha in
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accordance to soil type (1). Evaluating 103 o~tlments with 45 or 90
kg/ha of P 2 0 5 with or without other nutrilents, Larraga obtaied the
results shown on Table 2. These data resumed from the FAO fertil-
iser experiments show that for Costs RLIca and Guatemala the results
for P alone or as part of a complete fertilizer ar encouraging and
economically sound. allowing substantial gabs prticularly in the
case of the use of NPK. The margin for ElSlvador io quite ntrow
and the results for Honduras were not included,
It is considered, that better understanding of the conditions in Honduria
and El Salvador could have indicated ways for an economical ueo of P.
as many of the aolled these countries are known to responds to It (2).
The results from Pert indicate economical optima between 40 and 80
kg of Pz25/ha for moat of the studied areas. in accordance of the P
availability of the correaponding oUos.
In Colombia on volcanic olls up to 90 kg/ha of P 2 0 5 is reported as
adequate (11).
While in most experiments triple superphosphate is suggested the
peruvian results indicate simpe s uperphosphate a most adequate.
The high S content of the material might be the explanation.
Generally, It is estiniated that moat soil where beans and other pulses
are grown in the area respond well to P and that the correct use of the
element repreents an appreciable economic gain for the growers under
most conditions.
tertilisaon wi potass um
Respouses of beans to K in Latin Ame rica are less common than to X
or P. in accordance to Vieira (20). Lack of response to applied K is
quite commonly reported (3, 13, 59, 19).
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The positive responses usu&lly occurs in cas of higher P applications
as shown by the work of Lizarraga (10) and Conagni (6). The positive
responses are moro common or the strongly acid soil developed in
the wet areas (7) and these soil, usually respond to complete fertil-
ixere as in Sio Paulo (6).
£xwperinento in Peru indicate the necessity of K application in about
one third of the studied locations even on some soils with pH above 7.
It is believed that this is particularly imporant if the amounts of N
applied are rather high,
Considering the important crop losses due to diseases and the known
effect of K on improving disease resistance, this aspect of bean fer-
tilization would deserve a larger attention,
Generally, if N and P are applied, K is used also, in part as a pre
ventive practice, in part due to the general availability of NiPi coat.
aining fertilizers. It is believed, that with he intensification of agri-
culture K needs wilt become more common and should receive atten-
tion accordingly.
There are also reports indicating a harmful effect of K application
(15).
Fertilization with nltero2en
in spite that beans as N axoers caa contribute positively to the N bal-
ance of soilae favorable respones to this element are very common
in Latin America (20). * Vieira estimates an average need of 40 kg/ha
for the region and explins it as caused by problems in N fixation. The
positive resaonses reported (6, 7, 9, 100 l1, 12 14, 15, 20) are
Virgin *oils represent an important group well provided with initial
N, which do not respond to N (3).
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widespread and when o responses are reportod, many authors consider
that this 1i caused by varieties unresponsive to fertiliaers.
By tar, too little i known on the microbiological aspects but a few
authors report no responres to noculation (5, 20) which clearly indi.
cates the need of additional work.
Studying the amounts of N to which positive responses are obtained,
one can observe that these amounts are quite high, far above the
quantities considered or "starter nitrogen," recommended by many
to overcome a potential low N status of the soil, prior to the contribu-
tion of the N fixed by the bean Rhyzobia. The only area where the N
recommendations are low, of the starter type, is Sio Paulo State,
where Conagin suggests 9, 12 and 35 kg/ha of N as economic optima
for different soils (6). On the contrary, the amounts to which positive
results where noticed in Central America were of the order of 45 to
90 kg/ha (IS). For Colombia similar amounts were suggested (11,
14), and the data from Peru agree with those of Central America.
There is little work on different N sources but no differences were
reported so far.
As it is weli known that nitrogen fixation decreases with increasing
amounts of fertilizer N applied, one should not overdue the applica-
tion of N as this represents a loss of valuable fixable material. Bow-
ever, as little is known on nitrogen fixation under the variable condi-
tions of Latin America, more work is required in the area to secure
the optimum use of this capacity of the plant.
Due to the high price of N in fertilizers the value/cost ratios for N
alone are generally lower than for Pg05 as shown in Table 2, except
for Guatemala where the low available N atatu o f the solls makes N
application very profitable.
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It is believed, that at least moderate N amounts will be needed for
successful bean production even if it will be possible to increase to
efficiency of fixation by better understanding of it in Latin America
conditions.
Liming and minor elements
For nodule formation adequate calcium levels are needed and some
Rhi zobium strains are adversely affected by already medium soil
acidity while others are quite tollerant. As liming also influences
the availability of most nutrients, it was considered in various exper.
iments in the area. In Honduras, at the Panamerican School of
Agriculture, Awan reported over 50% bean yield increase by liming,
attributing the favorable responsemainly to an increase in P availa-
bility (2). For the volcanic soil area of Colombia, Parra (13) reported
positive results for low levels of liming (2 t'/ha) but negative ones for
medium and high levels (over 4 - t/ha) so for field beans as for peanuts.
Peanut production was also economically increased on "campo cerrado"
soils of Central Brazil, particularly if dolomitic limestoneswas applied
with complete fertilizer, as reported by Mlkkelsen et al (12).
It is believed that quite a lot more information is needed on liming,
considering it from the point of view of pH as affecting Rhimobiun
development of the effect of the practice on Ca and eventually Mg
levels, and considering the influence of it on the general availability of
the nutrienta present,
Magnesium deficiency was reported and successfully corrected by soil
application (4) of the element. The same paper presents evidence
showing the interactions between different minor elements indicating
the necessity of rather complete studies if an understanding of the
phenomena observed is desired.
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In the Zn deficient "Bajio" region of Mexico, Schmndt (18) obtained
excellent results when ZnSO, was applied to the soils or Zn chelates
was applied as sprays. It was observed, that response to mayor nutri-
ent application was almost nil unless the Zn de.ficiency was also cor-
rected. This observation might be extrapolated concluding that possi-
bly many variable responses, as found for example in Peru to applied
mayor elements, could be explained by variable levels of minor ele-
ments present, which limit the use of the other nutrients. The need of
minor elements including Zn, was shown aleo for the "campos cerrados"
area of Brazil (12) also and for the bean area in Sio Paulo, in the came
county (20).
Table 1. Average bean production for different areas of Latin America
Averge
Area production Authors Period
kg/ha
Si.o Paulo Brazil 408 Conagin 1957 - 62
Colombia 379 - 600 Lopera &
Hlldebrandt
Peru 967 Estad.Agric. 1969
South America Aprox. 500 Vietra
Table 2. Net gains (in US$) and value/coat (v/c) ratios from bean
fertilizer experiment* (10).
.. rreatme nt' 
Country N P;20 NPK
/c gain V/c gain v/c gain
Cota Rica 1.7 30.6 2.6 83,6 2.5 102.7
El Salvador 1.8 32.3 1.3 40.9 1.4 59.0
Guatemala 3.4 61.8 2.3 71.5 2.7 108.0
Honduras 1.2 39.2 -
' : ~ ~ ~ ~ ~~~~~~...,_ ' - . . . irill 
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RESPONSE ATD CURRENiT FERTILIZATION PRACTICE OF
GRAIN LEGUME CROPS IN ROMANIA
BY
Christian Hera
Research Institute for Cereals
and Industrial Plants
Fundulea
Bucharest, Romania
ABSTRACT
The increased importance of grain legume crops in Romania may be
asigned both to their high nutritive value and to the fact that the le-
gumes are good previous crops for small grains. Among the grain legumes
soybean is preponderent, followed by beans and peas.
Owing to specific biological traits of these plants, the experimen-
tal results obtained with classical methods in the field of fertiliza-
tion are contradictory and limited.
Field experiments were carried out in order to study some aspects
concerning the judicious use of N and P fertilizers. Labelled fertili-
zers with 15N and 3 2P were applied to soybeans - the main legume crop in
Romania - on a medium leached chernozeme, in the Fundulea Research
Institute for Cereals and Technical Plants.
First results obtained during 1970 emphasized the advantage of the
band and mixed applications of N and P fertilizers. This method increased
the efficiency of fertilizers, especially in case of P. N - fertilizers
proved to be most efficient when side-dressed during the growing season.
Application of N - fertilizers increased the protein content in soybean
grains.
The results obtained during 1971 are under study.
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INTRODUOTION.
Estimated at world range,approximately one third of
the population of the developing countries is presently insuff£i
oiently provided with proteins[] [1[2 .
Extension of legume crops and increase of their ryeld/ha
could widely contribute to meet world requirements in proteins.
Among legumes cropped on wider areas soybeans, peas
and beans should be mentioned.Particularly soybeans constitute
the main source of protein forage and also form the raw matter
for industrial products.Their use in human food - especially
by some peoples of Asia - should also be mentioned.
Soybean exceptional economic value incited the agricul-
turally advanced countries to confer great importance to these
crops so as to meet protein requiriments.
The fact that legumes symbiotically fix atmospheric
nitrogen,contributes to the raising of soil fertilityand en-
riches it with organic nitrogen2] [3 ] ] [4] [] [6] [7.
Investigation are now under way in the great cropping
countries in order to raise production per hectareby impro-
ving seed genetic potential and by improving cultural practices
(8J. Special attention should be conferred to fertilization
method. In this field results obtained in different countries
often are contradictoryJ[9 [l.3 [ll3] [l2* Some authors consider
that legumes do not require nitrogen fertilizers as thy can
meet their requirements through symbiesis with bacteria (Rhiuebium]
Other researchers assert that legumes should be fertilized with
small nitrogen rates,acting ass e " starter "l< [ll] [1131 14] .
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Use of high fertilizer rates,by fractioned application or by
different incorporation methods (at varions depths,on band,by
side dressing at 5 cm freom the seeds) l] [11] [15, has been
tately used.
Bacterial seed treatment with Rhizobium is compulsory
when legumes are grown for the first time on a soil,or when
the crop is again grown on a land after a long time 12] [16Q7 i7J
[18] l9] [20o .
On poorly fertile (acid and cold) soils,fertilization
with high nitrogen rates is often used alongside bacterial seed
treatment.
DISOUSSION AND RESULTS.
In Romaniam the legumes most spread in crops are peas,
beans and soybeans. Formerly peas and beans ware most frequently
growenbut lately,soybean planted areas increased due to the
importance of this crop.
In Europe,Romania hold the first place in soybean
cropping [l] 1i4i 
Fig.1 , shows the development of soybean cropped areas
between 190o and 1971.
Prospectivelythe areas planted with legumes for grains
is shown in table noel.
Simultaneously with oropped area increase,mean yield
per ha also increased as a consequence f technology improvement
in soybean crops from one year ts the other (Fig.2),
As compared to peas and beans,soybeans are more exacting
regarding soil and climate.Soybean water consumption for the
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whole growth period is in the south of the country (Fundulea)
of about 34. ma in non-irrigated crops and of about 65o mm in
the irrigated cropsaHighest consumption is recorded in July,at
flower-budding - anthesis - grain formation lhenologic stages,
i.e, of 4.o mm/day in eoh-irrigated and 6.7 an/day in irrigated
crops (Fig.no.3).
Water amount from rainfall is much lower than plant
consumption during this period and this is why high soybean
yields oan be obtained only in on irrigation regime under these
conditions.When analysing the origin of water used by soybeans
and its effect on yield,it appears that 19 % of the water comes
from soil supply,41 % from rainfall and 4o % from irrigation
(Fig.4).
Considering the rather high environment requirements,
three ecologic zones were differentiated in Romania in soybeans
orops.In the highly favourable zone,in which yields of over
2ooo kg/ha may be obtained most of the years,fertile soils are
encountered and climate conditions are particularly favourable
especially at fruiting period.Water supply of plants is provided
by rainfall,water table or irrigation.These conditions are
encountered in Moldavia ,Transylvania and Banat and especially
on meadow soils*
The favourable soil includes most of the loldavia and
of the Romanian Plain as well as zones close to the highly
favourable zones of Transylvania, Banat and Crisana.In this
zone it is necessary to compensate the limitative factors,e.g.
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water (by irrigation) in case of the Birgean plain or soil
fertility (by fertilization) - in case of the Sub-Oarpathian
one*.
Under non-irigation soybean is cropped in a corn -
wheat - seybean rotation,and under Irrigation a 3 year rotation
with 4 crops (soybean - wheat - stubble orop - corn), or a 4
year rotation with 5 crops,adding sugar beet to it.
The soil improving qualities of the plant are thus tur-
ned to profit,emphasizing its good features as previons plant,
especially for wheat.
Unlike soybeans,poas and beans are grown in Romania in
nearly all regionsgiving exceptionally good results in the west
of the country and poorer results in the pre-aountain region,in
the north of Dobrogea and on sands. In many regions suitabi-
lity is shown either by climate or by soil conditions. In rota-
tion, these plants always precede winter wheat crops.
In order to increase yield per hectare in these creps,
a vast research programme is carried out in Roumania under
different pedoclimatic conditionsboth concerning development
of new varieties and improvement of cropping technology.
With respect to fertilizer use the investigations em-
phasized [21] that legumes are generally little effected
by both N and P fertilisersparticularly on fertile soils (ta-
ble 2,3,4).
The experiments carried out in soybean crops under
natural non-irrigated conditions,proved that in this crop fer-
tilizers have a weak effect especially in zones with unfavou-
rable rainfall regime. Under such conditions, yield is reduced
as compared to the zones in wioh natural moisture regime is
better.
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Thus for instance, at the Albota Experiment Station
(Table no.5) mean yields in the Chipewa variety werw 18.9 q/ha
and in the Violeta variety 21.2 q/ha,while at the Secuieni.
Experiment Station,with a deficient rainfall regime,the same
varieties avaraged a 14.3 q/ha(Chippewa) and a 12.9 q/ha
(Violeta)yield respectively(Sarpe and co - workers 1971). In
the same experiments yield gains eose to 5.4 q/ha in the Chi-
ppewa variety and to 7.$ q/ha in the Violeta variety at the
Albota Station and to only 2,8 and oe6 q/ha in the 2 varieties
at the Secuieni Station.
Favourable results emergend at the Tg, Mure~ Expe-
riment Station, sited in the flood plain of the Mureg River,
in a zone mote favourable with respect to moisture regime
and with a lower temperature in summer (table no.6), Under
suoh conditions,yields ranged from le2 q/ha to 2oo q/ha
presenting thus a 6.8 q/ha rate,
Optimum nitrogen rates are of about 3o - 5o kg N
active ingredient/ha. Rate exces may some times lead to har-
vest decrease, a phenomenon recorded in a series of experime-
nts and proved by the results obtained at the Turda and Se-
cuieni Experiment Station(Table no.5) The same was stressed
in the south of the country, on a reddish - brown forest soil
(table no,7), where fertilizer rates of N 96P 12 8 3k/ha avara
ged a mean yield varying from 2o.l q/ha,i.e that obtained
in the N 6PC kg/ha tratment to 16.9 g/ha,this yield being
close to control (16.4 q/ha).
Under irrigation,yields in soybean are much higher,
reaching freluently 25 - 3o q/ha or even more.Thus in the
experiments undertaken by Dorneanu and co-workers(197o) on a
reddiahbrown £frest soil in the outskirts of Bucharest, the
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yields ranged according to variety and soil from 14.3 q/ha and
22,2 q/ha in non-irrigated crops and from 25.e q/ha and 33.5
q/ha in irrigated crops (Table no.7).Mean results (by varieties
and years) indicate substantial gains as to the non-irrigated
treatment both in the non-fertilized ( 26.7 q/ha as to 16.4 q/ha)
and in the fertilized treatment (32,3 as to 2o.6 q/ha),
In experiments undertaken by Hulpoi and co-workers
(1971) under varions domestic pedoclimatic conditions on irri-
gated soils mean yields by years and stations rose up to 23.7
q/haiin the steppe aone and to 25.7 Q/ha in the forest steppe
(table no.8)*Nitrogen fertilizers increased mean yield by
6,o q/ha,highest yieds (average by station )achieved being
8.1 q/ha.
From the analysed investigations as well as from other
studies it apears that in the steppes,with high sumesr teapera-
tures and a deficient rainfall regime,high and economic yield
gains in soybean crops may be obtained only under irrigation.
Referring to fertilizer rates,we consider that they must
not excedd 30 - 51 kg/ha when no irrigation is applied and
4o - 7o kg/ha under irrigation; phosphorus rate must be in good
agreement with nitrogen,i.e.:ltl or o,7tl NiP in non-irrigated
crops and l1o,7 or ltl HNP under irrigation.
It is generally not recommended to use excessive nitro-
gen rates,especially when biological fertilization by bacterial
seed treatment is used.(Table no.9).
The investigations undertaken by BAlan and co-workors
with dofferent Rhizobium strains proved that in this way high
yields simultaneously with yield gains coult be obtained(Fig,5),
(table no.lo).
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From data shown in table lo it appears that certain
types of Rhizobium (SO-75) gave yield gains,as compared to those
with no bacterial seed treatment ranging from 5,0 to 9.o q/ha.
However,from investigations started these last years
it appears that in order to exceed a certain yield level,
bacterial seed treatment alone is not sufficient and nitrogen
fertilizer should also be intrbduced.
From this viewpoint it appears that a centain advan-
tage would be presented by top dressing after bacterial symbio-
sis was estabilishedo
A series of aspects connected to soybean fertilization,
such ass estabilishment of utilization coefficient of £ertili-
zers according to application rate and methodinteraction
between fertilizing elements and soil elements,etc.,cannot be
elucidated by help of classical methods.Ths is why , begining
with 197o,a series of trials were conducted at the Fundulea
Institute and it is tried to solve these problems by help of
fertilizers labelled with the 15 and 32p izotopes (table no.11).
Thus,it was found that different incorporation methods
affect the way in which soybean plants use fertilizers partiou-
larlyduring early development stages (table no.12).During this
stage,application of nitrogen fertilizer broadcast proved
inferior to band application~.Siultaneously with progress in
vegetation,the differences disappeared.
As distinguished from nitrogen uptake,phosphorus uptake
from fertilizers is fawoured fertilizer (table no.13).
In 1971,a new trial was conducted so as to investigate
interaction between fertilization and bacterial seed treatment*
The results are being preoessed (table no.14).
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Future investigations should be channeled so as to solve
certain matters correlated to fertilizer efficiency under in-
tensive cropping.A basic field experimental programme to study
the effects and interactions of innooulant,nitrogen and pheos
pherus fertilizer should be alken into consideration.The most
iaportant problems which can be studied in a coordonated pro-
grame by using labelled fertilizers with stable and radioactive
izotopes are rates,timemethod of application and source of
nitrogen and phosphorus under irrigated and non-irrigated
conditions.
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Areas (in thousand ha) in the 1971 - 1975 period
Plant - ---- SYear
1971 1972 1973 1974 1975
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Table no. 2
Effect of fertilizers on bean yields
undl .L1.] e a
Tr tidle nt Yield
q/ha
Difference
q/ha
Control 17,7
15o P25
150 50
N5 Ploo
18,3
16,2
1,3
o,6
-1,5
50 loo loo 13,4 0,7
LD 5 % 0,9
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TPablLe rrP.3
Effect of fertilizers on bean yields obtained at
the Experiment Station Podu Iloaie - 1971
Treatment Yield DifferenceTreatment q/ha q/ha
No (P6o) 12,6 
N3 (P6o) 14,8 2,2
N6o(P60) 15,6 3,0
N9o(P6o) 15,5 2,9
LD 5 % 1,2
Table no.4
Effect of fertilizers on peas yields at the
Experiment Station Podu-Iloaie - 1971
Yield DifferenceTreatment q/ha q/ha
No (P6o) 15,5 
N30 (P 6 o) 17,7 2,2
N60 (P6o) 19,8 4,3
N90 (P6o) 19,1 3,6
LD 5 % 1,4
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Table no.
Effect of NT-fertilizers on yields of Chippewa and
Violeta varieties of soybean - 197o
Variety Bxperiment p p p 
Stations No0 30 6 0 60Po P o 6o Average
Turda 11,5 14,2 13,1 14,1 13,2
Albota 15t3 2o,o 19,4 2o,7 18,9
Chippewa
Secuieni 13,o 13,6 15,8 11,1 13,4
Average 13,2 15,9 16,1 15,3 
Turda 14,4 20,3 15,7 13,6 16,o
Albota 16,2 21,9 22,6 24,o 21,2
Violeta
Secuieni 13,7 14,3 12,9 10,6 12,9
Average 14,7 18,8 17,1 16,1 -
A v e r a g e 13,9 17,3 16,6 15,7
= = = _ = = = = = = = = = = = _  = _ = = = = = =  = _= ==
Table no. 6
Effect of N and P fertilizers on soybean yields at
the Experiment Station Tg. Mureg ( Average
1969 - 197o)
P205 N - kg/ha
kg/ha 0 5o loo 150 Average
0 13,2 16,8 18,2 19,0 16,8
40 14,6 16,9 18,o 20,0 17,4
Average 13,9 16,8 18,1 19,5 
===_==S=_===============================
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Table noo 7
Effect of fertilizers on three soybean varieties on a
redish brown forest soil in the South-Romania
( q/ha )
C h i p p e w a MI erit . andarin A v e r ag e
Fertilizers 1966-1968 1966- 1968 1966-1967
non non non non
irrigated irited i ted rigated iigated i rrigated ird irrigated
Control 17,5 28,7 14,3 25,o 17,5 26,4 16,4 26,7
N64 19,o 30,2 14,8 27,4 19,o 28,8 17,6 28,8
6 P64 18,4 29,o 14,5 26,2 18,5 28,6 17,1 27,9
N64P64 21,1 32,8 16,5 28,9 21,3 31,2 19,6 30,9
N64 96 19,6 32,o 16,2 28,7 20,8 30,9 18,9 3o,5
N48P64 21,5 31,2 17,1 27,4 21,7 28,9 2o,1 29,2
N 48P 64K6o 22,2 31,9 17,7 28,4 21,8 31,1 2o,6 3o,4
N96P64 17,3 33,5 15,4 34 19,3 33,0 17,3 32,3
N96P128 16,2 32,3 15,1 29,9 19,3 32,4 16,9 31,5
Average 19,2 31,3 15,7 28,0 19,9 31,3 18,3 3o,2
Difference - 12,1 - 12,3 - 11,4 - 11,9
LD 5 % 1,o 1,8 o,7 1,4 0,9 1,3
Table no. 8
Effects of T P K fertilization on average yield of
irrigated soybean (q/ha)
Rate of S t e p p e z o n e P o r e s t - s t e p p e z o n e
kg/ha P K - r a t e P K - r a t e Average
PoKo P4 Ko P8o0 o P80K80 Average Po 4 o P8 Ko P8 K8o Average
0 15,9 1599 15,6 15,8 15,8 21,2 21,1 2o,8 2o,6 2o,9 18,4
40 19,o 18,9 18,3 18,9 18,8 22,9 23,1 23,2 23,0 23,1 21,0
80 2o,5 2o,8 2o,3 2o,8 20,6 24,4 24,3 24,5 24,0 24,3 22,5
12o 22,3 22,6 21,6 21,9 22,1 24,8 25,1 25,2 24,7 25,0 23,6
16o 23,0 23,7 23,3 22,9 23,2 25,3 25,6 25,7 25,7 25,6 24,4
Average 2o,2 20,4 19,8 2o,1 - 23,7 23,8 23,9 23,6 -
Table no. 9
Effect of soybean seed treatment with
nodulating bacteria on yields, under irrigation
(q/ha) (average of 5 locations)
Fertilizer Seed
treatments treatment
No bacterial Bacterial
treatment seed treatment
NoP5 0 19,8 24,8
N30 50 22,o 25,4
N 6 oP5 0 23,3 25,1
N90P5o 23,8 24,7
Average q/ha 22,2 25,o
% loo,o 112,6
====_== =3== ======_=5 =_=_ =====_== =_== C= ==== =
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Table no. lo
Effect of soybean seed treatment with different
strains of Rhizobium japonicum on yields,
in different locations (on a 40 kg/ha
P205 backgraund) - 1970
Dohangia Oltenita Dalga
Treatment Alluvial soil Alluvial soil Brown chernozem soil
- irrigated - - irrigated - - un irrigated -
Yield Dif.
q/ha
Yield
q/ha
Dif. Yield Dif. 
q/ha
No bacterial seed
treatment - N O 24,3 18,5 - 13,
No bacterial seed
treatment + g625'5 1,2 21,o 2,5 17,8 4,8
6o
SO - 69 27,2 2,9 23,3 4,8 17,5 4,5
SO - 75 29,3 5,0 28,4 -9,9 20,0 7,o
SO - 97 29,5 5,2 22,6 4,1 19,8 6,8
SO - 146 3o,5 6,2 25,7 -7,2 18,5 5,5
ID 5 % 2,1 2,2 2,o
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Table no. 11
1970 BXPERIITT WITH 15N and 32P
Rate, time and method of application of fertilizers
At seeding During the Method of
time vegetation application
P205 periode (i)
o -
3ox 6ox - Broadcasted
30x 6ox N and P, mixed in band
30x 60G - N and P Separated in band
o 6oX 3o0 In band
60o 6o x - and P mixed in band
9ox Gox N and P mixed in band
12o x ox - N and P mixed in band
x) labelled N and P fertilizers - 1 5 N, 3 2p
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Table no. 12
Effect of N and P fertilizers application method on N-uptake from fertilizers
,rMethod of First yield Second yield Final yield
application - 15.VI.- - lo.VIII.- - Grains -
% N of whih % N of which N of Whichf
(3o kg N + 6o kg P205) in % N in % N from in % N from
plants from plants fertilizer grains fertilizer
fertilizer
Broadcasting 3,14 14,6 2,oo 13,3 4,66 10,7
Mixed bands 3,13 28,9 2,1o 12,3 4,95 8,1
N and P in separated 3,36 26,o 2,11 12,4 4,75 7,8
- bands
N applied in period 2,98 -2,o3 21,2 4,82 12,4
of vegetation
~a=-==_==_==========_~==_Sf =^= _= _==_=_K====== ==_=_ _====_==_====__ =_====
Table no. 13
Effect of N and P fertilizers application method on the P
uptake from fertilizer
First yield Second yield Final yield
-15.VI. - lo.VITI.-Method of applicationwhich L P-
%20 ofp2 Of which %P205 of which p2P2 of which(3o kg N + 60 kg P 2 0 5 25 o5 wc P O in % P2 5
plants from plants from grains from
fertilizer fertilizer fertilizer
Broad casting o,746 1,5 o,66o 4,4 1,67 3,9
Mixed bands 0,750 27,o o,682 15,4 l,6o 9,o
N and P in separated 0,750 13,o o,671 7,7 1,61 6,5
bands
N applied in period of o,752 14,1 o,69o 9,5 1,6o 6,3
vegetation
Table no. 14
1971 EXPRIIYT ZITH IST and 32
with bacterial treatment
At seeding During the Lethod of
ti.rae vegetation application
period (N)
P 2 0 5
30x 8ox - Wand P broadcasted
6o 8 0o - and P broadcasted
9ox 8o0 - N and P broadcasted
3 0o 8o0 - N and P mixed in band
6ox 80o - N and P mixed in band
9ox 8ox - N and P mixed in band
30x 80o 30 30 N and 80 P broadcasted
30 N in band
30x 8So 3ox 3o N and 80 P broadcasted
3ox N in band
3 0 x 8ox 6o 30 N and 80 P broadcasted, 6o N
mixed in band
3o 8ox 6ox 30 N and 80 P broadcasted, 6oXN
in band
~o bacterial treatment
o 80 - In band
6ox 8ox - N and P broadcasted
o 8 0o 6.o In band
x) labelled 1 and P fertilizers - 15 , 32p
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tiunilea experimentale ale ICCO - Fundulea,
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THE EFFECT OF NITROGEN AND SULPHUR TREATMENTS ON
PHOSPHORUS ABSORPTION AND YIELD OF GROUNDNUTS ON SOILS
OF SANDSTONE ORIGIN
By C.S. Ofori
Soil Research Institute, Kumasi, Ghana
Abstract
Sulphur and nitrogen application together with phosphate fertilizer
to groundnut crop grown on a soil of sandstone origin with a short fallow
period showed no influence on phosphate absorption of the crop. Increas-
ing rates of combined nitrogen application to groundnuts increased the
proportion of combined nitrogen in the harvest but showed no significant
difference in total nitrogen absorbed by the crop. The proportion of the
combined nitrogen to total at the time of flowering reduced considerably
at the stage of maturity.
Groundnut cultivation in West Africa has been predominantly on
the sandy to loamy sandy soils in the savannah belt. These soils are
mostly of low inherent fertility and are deficient in nutrients
especially phosphorus. Nitrogen and Sulphur are also known to limit
crop yields considerably.
The importance of phosphorus in the production of groundnuts in
West Africa is shown by its proportion in the fertilizer formular in 
these countries. Nye (1952), and Stephens (1960) obtained results which
showed considerable yield increases of the crop in Northern Ghana by
applying 1 cwt. per acre of single superphosphate. Recent results from
extensive trials by Djokoto (1969) showed responses to phosphate to range
from 40 to over 50 per cent when the fertilizer was applied at rates of
20 and 40 lb P20 per acre. Goldsworthy and Heathcote (1963) in Nigeria
obtained large yield increases by applying half that quantity. Evelyn
and Thornton (1964) also obtained similar results in the Gambia through
the application of single super phosphate coupled with potash. Fertilizer
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recommendations in most of Senegal, the second largest groundnut producer
in Africa, are based on this large proportion of phosphorus in the
fonrular. In the Gambia, Ashrif et. al. (1962) also stressed the impor-
tance of this nutrient in the recommended formular.
Sulphur deficiency has been reported in a number of experiments
in the groundnut growing belt of West Africa (Greenwood (1954); Bockelee-
Morvan (1960) I.R.H.0. (1956); Stephens (1960).
This augmented the use of sulphur containing fertilizers as the
nitrogen source generally. In some of the localities in Ghana however,
results obtained on soils developed over the same parent material were
not always consistent (Stephens 1961, Nye 1951) probably as a result of
intensity of land use and. management. There is also an indication that
the rest-period of the land prior to cultivation may have an effect.
Soils of granite origin in the groundnut belt of northern Ghana
are exhaustively cropped and nitrogen, phosphate and sulphur have been
found essential for good crop yields. Nitrogen as "Starter dose" has
often been applied to the crop. Results from 149 trials conducted in
the savannah areas of Ghana by Djokoto (1969) showed an average increase
of 12.9 per cent in Kernel yield when 10 lbs N per acre was applied.
However, further investigations are required to establish the direct
effects of nitrogen and sulphur on the crop on these soils. Furthermore,
it is not very clear whether these nutrients directly enhance the effi-
ciency of phosphorus uptake by the plant since the latter occupies a key
position in the nutrition of groundnuts and legumes in general.
Results of field experiments using radio-active fertilizers
containing N1 5, 32 and S3 5 on groundnuts grown on soils developed over
sandstone are presented in this paper.
Material and Method
Ejura series (Ghana nomenclature), a well drained upland soil
consisting of dark brown to brown sandy topsoil over orange-brown sandy
clays or clayey sands was chosen for the field experiment.
The chemical analysis of a sample from the experimental site is
shown in the table below (Table IA) and the rainfall data in table 1B,
184
Table 1A. Soil chemical analysis. (0-15 cm depth)
(Ejura Series)
me/100g oven-dry soil Kg/ha
p T(CEC)| Ca 1g Mn K Na C % N % Orga n QM P205
6.6 2.85 2.10 .22 .01 o,. .07 .56 .028 ,96 20 55
The experimental site had been under elephant grass (Pennisetum
purpureum) fallow for 2 years. The level of phosphorus (determined by
Bray's P method) was much higher than the average found in this soil.
1
series. The maize crop which was grown there previously might have
received some amount of phosphate fertilizer application.
Table 1B. Rainfall data: September 1969-January 1970
M o n th September October November December January
Rainfall (in) 3.39 13.21 3.61 0.06 039
Mean for 45 years 8.16 8.78 3.18 0.87 0.51Rainfall (in) 3.39 13.21 3.6 Jo .06 0.39~~~~~~~~m,
The experiment consisted of 8 treatments laid out in a randomized
block and replicated 4 times. A plot consisted of 5 rows of 2.40 m. in
length. Distance between rows was 0.60 m. Plot width was therefore
3.00 m. and area of plot was 7.20m2 . Treatments are shown in Table 2.
Phosphate was applied as labelled triple superphosphate (50%
P205 ). Potassium treatment was omitted as from previous experiments
groundnuts showed no response to this nutrient on this as well as many
other soil series in the country.
Experimental area was ploughed and harrowed and groundnuts planted
on the flat without ridging. Planting distance within row was 15 cm.
with 2 seeds per hole; placed about 1 cm apart. Between rows planting
distance was 0.60 m. Fertilizers were applied mixed and broadcast
evenly in a groove of 6 cm. depth and 10 cm. in width and covered with
soil about 2.0 cm thickness. The groundnut seeds were then placed on
this soil layer and completely covered with soil. Groundnut variety
"Kumawu" was planted, a local widely cultivated variety of medium kernel
size. Plants were sampled about 4 days after flowering from the row
receiving the radio active fertilizers for laboratory analysis. At
harvest, three rows in each treatment were used for yield estimation.
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Total and radioactive phosphorus values were determined after
ashing in an oven. Ammonium vanadate-molybdate method was used for the
total phosphorus whilst the liquid G.M. Counter was used in 32 counting.
Source N-Fertilizer P-Fertilizer
(0-50-0)
Kg/ha
A None -
B None 50
c (NH4 ) 2 SO4 30 Kg/ha (S labelled) 50
D CO(NH2 ) 2 30 Kg/ha labelled 50
E CO(NH 2 ) 2 30 Kg/ha unlabelled 50
P CO(H 2)2 30 Kg/ha unlabelled 50*
G CO(NH 2)2 15 Kg/ha labelled 50
*In treatment F. an equivalent amount of S in sulphate of ammonia(treat-
sent C) was added in the form of sodium sulphate (Na2 S04).
35S3 5 was determined using end window counting. One gramme of
ground plant material was taken in each case and the standard prepared
by adding a known quantity of labelled Na2S04 solution to a non-
radioactive plant material thoroughly mixed, and dried in an oven at
about 100 C. till the sample was well dried.
RESULTS
Dry Forage yield
At flowering, nitrogen and phosphate together increased the yield
of dry forage but phosphate alone gave a slight depression in yield.
Increases in yield with urea as the nitrogen source were not significant
at the 5% level. Addition of sodium sulphate to 30 kg/ha N as urea
lowered the nitrogen effect slightly. However, reducing the nitrogen
rate to half, identical yield effect was obtained as the higher nitrogen
rate applied together with sulphur.
The negative effect of the fertilizers on yield might have been
due largely to the unfavourable amount of rainfall during the early
growth of the crop. The crop was planted on 18th September, and the
recorded rainfall for that particular month was only 42 per cent of the
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average for 45 years. This would be particular true of the phosphate
effect which was shown to be negative at the time of flowering but
showed increase in haulm yield at maturity.
Application of 30 kg/ha as sulphate of ammonia with 50 kg/ha
P205 gave the highest increase in yield; the increase being signifi-
cant at the 5% level compared with the control and phosphate treatment.
Nitrogen and phosphate application increased the haulm yield at
harvest but these increases were not significant. The most effective
treatment was the phosphate which resulted in an increase of 21.5 per
cent. Nitrogen applied as ammonium sulphate was as effective as urea
applied at equivalent rate with addition of corresponding amount of
sulphur. With sulphur addition the yield in the urea treatment was
slightly depressed by 2 per cent at equivalent nitrogen level. The
effect of phosphate was reduced by 16.9 per cent when nitrogen was
applied at 15 kg/ha.
Per cent P205
% P205 values in forage at flowering were higher in treatments
with phosphates than in the control; the differences being significant
at the 5% level. Source of nitrogen had no significant effect on these
values. However, nitrogen application lowered the P05 content as a
result of forage yield increase. Application of sulphur together with
urea resulted in an increase of only 2.1 per cent in the P205 content
compared with corresponding urea treatment without sulphur.
With the nitrogen rate reduced to 15 kg/ha, the % P205 increased
by 9.5 per cent over the urea treatment with sulphur even though the
forage yield remained unaffected.
Phosphate application significantly increased per cent P205 at
the 5% level in the forage at maturity. Both sulphate of ammonia and
urea applied together with sodium sulphate reduced the P205 value com-
pared with an equivalent rate of nitrogen as urea without sulphur
addition. Differences due to nitrogen source was not significant.
Per cent N
Application of combined nitrogen to the crop resulted in a slight
increase in % N which did not reach statistical significance. There was no
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Treatment kg
Nutrien/ha
1. (-)
2. 50 kgha P,
3. 30 kg N + 
P2 05 (NHd).
4. 30 kg N +
P2 05 CO(NH,
5. 30 kg N + 
P205 + 35.5
6. 15 kg N + 
P205 O(NH,
S.E.
L.S.D.
Table 3. The effect of treatment on forage yield, and amount of P and N present
Plants sampled at flowering Plants at maturity
Dry wvlo % P205 P2 /N Dry forage plants 25 % N Ratio l P20foage 5 N
(g) Kg/ha
52.7 0.342 2.36 0.145 1946 0.370 1.81 
05 48.9 0,572 2.39 0.239 2365 0.478 2.32 
50 kg
,304 71.6 0.483 2.49 0.194 2302 0.455 1.95 
50 kg
2)2 66.3 0.484 2.48 0.195 2341 0.490 2.03
50 kg
kg S 57.7 0.494 2.55 0.193 2295 0.453 2.09 
50 kg
) ^  57.5 0.541 2.45 0.221 1965 0.475 1.87 
RatioRatio
),204
).206
3.233
3.241
3.217
0.254
C- z
5.3
15.8
0.059
0.128
0.123
N.S.
67 0.024
NS 0.073
0.18
NS
difference in the % N due to source of nitrogen. The ratio of P20/N
remained essentially the same at the same level of nutrient application,
independent of source of nitrogen or addition of sulphur.
Utilization of P205 from Fertilizer Source.
Fertilizer phosphorus absorption increased considerably with the
application of nitrogen. An increase in the rate of N application from
15 to 30 kg/ha resulted in an increase of 6.6 in the P205 derived from
fertilizer source. Sulphur addition to urea increased % P205 derived
from fertilizer only slightly.
Table 4. % P205 derived from fertilizer
Trea tment kg/ha
1. ( - )
2. 50 kg/ha P20
3. 30 kg N + 50 kg P205
4. 30 kg N + 50 kg P205
5. 30 kg N + 50 kg P205
(Ce(NH2)2
6 15 kg N + 50 kg P20 5
SE. 1
L.S.D. (P = 0.05)
P205 d.f. fertilizer
(NH 4 ) 2S
CO(NH2)2
+ 35.5 kg S
(CO(NH 2 ) 2
27.8
41.9
38.9
40.4
32.3
4.3
N.S.
Effect of treatment on yield of groundnuts
Differences due to treatment were very small and not significant.
A slight increase of 6 and 7.4 per cent was obtained in pod and kernel
yield respectively when sulphur was added to urea. Application of
fertilizer nitrogen increased neither kernel nor pod yield. The general
depression in yield in the fertilizer treatments could be explained by
the dry weather at the time of planting and this most probably induced
fertilizer toxicity on such a sandy soil.
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Table 5. Fertilizer effect on groundnut yield
(Ejura Soil Series)(Ig/ha)
Treatment (Kg/ha)
50 kg/ha P205
50 kg N + 50 kg
30 kg N + 50 kg
30 kg N + 50 kg
15 kg N + 50 kg
( - )
p205
25p°
p205
25
p0
25
(NnH4) 2s 4
CO(NH2)2
+ (35.5 Kg s)
Pod Yield
1544
1549
1562
1669
1447
1877
Kernel
870
877
847
910
815
1155
S.E. +
L.S.D. (P = 0.05)
167
N.S.
112
NoS.
Per cent N derived from fertilizer
Combined nitrogen was actively absorbed by the groundnut crop and
was as high as 30 per cent of the total nitrogen at flowering when 30 kg
N per ha. was applied. Reducing the rate of application to half, the per
cent nitrogen derived from fertilizer correspondingly reduced. There was
a sharp reduction of the proportion of combined nitrogen in the leaves at
the time of harvest. This reduction was as high as 75 per cent of the
value at flowering. The distribution of the combined nitrogen between
leaves and husk at the time of harvest seemed to be very similar; the
per cent nitrogen from fertilizer source being only slightly higher in
the forage than in the husk.
Table 6. % N derived from fertilizer
Treatment Forage Husk
Kg Nutrient/ha
1. 30 kg N * 50 kg P2O 5
2. 15 kg N + 50 kg P2 0 5
Flowering
30.0
17.0
Harvest Flowering
7.34 
3.69 
Harvest
6.33
2.44
Per cent Sulphur in dry forage.
Application of Sulphur had no significant effect on the per cent
sulphur in the forage; although treatments receiving this nutrient showed
a slight increase. The sulphur derived from the fertilizer source was as
high as 38 per cent of the total in the harvested forage.
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Table 7. % S in dry forage at harvest
Treatment kg/ha % S % S d.f.f.
1. 30 kg N + 50 kg P2 05 (NH) 2 0.1720 38.6
2. 30 kg N * 50 kg P2 05 CO(NH 2 ) 2 0.1677
3. 30 kg N + 50 kg P205 + 35.5 kg S 0.1716
4. 15 kg ' + 50 kg P20 0.1604
* Sulphur in ammonium sulphate labelled.
Discussion
With few exceptions the response of groundnuts to phosphate
fertilizers in the savannah areas in Ghana has been high as confirmed
by recent extensive trials carried out by Djokoto (1969). Lack of
response in the present experiment might be due largely to fertilizer
toxicity on such a sandy soil under unfavourable weather condition. Thus
the haulm yield was depressed at time of flowering when the weather was
severest but increased by 21 per cent at harvest. Nevertheless kernel
yield was adversely affected. Stephens (1961) obtained a significant
yield increase due to phosphate application on groundnuts on this soil
series in the same locality. The site had been under grass fallow for
many years. Phosphate level of the Ejura Series is usually not as high
as was found in the soil analysis in the present experiment; and this
might be due to a previous fertilizer application. The response to this
nutrient might,thereforenot have been high under favourable weather
conditions.
Phosphate application significantly increased the per cent P2 05
in haulm even though the increase in yield was not significant. This
may be important in the fertilization of forage legumes. Thorton (1964)
also observed a significant increase in phosphorus content when phos-
phate fertilizer was applied to groundnuts. However, addition of
nitrogen and sulphur did not significantly affect the per cent P205,
probably because of lack of significant yield response to these two
nutrients.
Per cent phosphorus derived from fertilizer source was above 30X
at the time of flowering. Thornton (1964) observed a very low recovery
of fertilizer P from a groundnut crop. This result might probably be
due to the method of fertilizer application. The groundnut plant
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rapidly develops a long radicle after germination. But the active absor-
bing rootlets are concentrated near to the cotyledons at the initial
stages. Fertilizer placed in this region is therefore, actively absorbed.
Thus Ofori (1965) using radioactive phosphate showed that fertilizer
placement below groundnut seed gave the best result compared with banding
to the side or broadcasting. On the other hand Burkiart and Collins
(1941) observed that the degree of nodulation appeared to be an important
factor in the utilization of phosphates by the peanut plant. Contradictory
results might therefore, be explained by one or a combination of these
Various factors.
Nitrogen application increased the proportion of phosphorus derived
from fertilizer source. However, these increases were not significant.
The small increases in per cent P205 when sulphate of ammonium was applied
as compared with urea and an equivalent amount of sulphur, would suggest a
slight superiority of the ammonium nitrogen source, even in the legume
crop, as has been observed in many experiments with cereals.
Sulphur did not seem to be deficient in the soil and thus the
yield of the groundnut crop in this experiment was not significantly
affected. At flowering the addition of this nutrient to urea slightly
reduced the yield of the forage. At maturity a slight increase in both
pod and forage yields was obtained. The lack of effect of this nutrient
might be partly due to the comparatively high rate at bwich it was
applied. In another experiment with groundnuts on the same soil series
and in the same locality, Ofori (1970), obtained an increase in forage
yield with 15 kg S/ha whilst double that rate reduced it considerably.
In many experiments on the groundnut crop in West Africa, sulphur has
been found beneficial and its application either as ammonium sulphate
or single super phosphate greatly increased crop yield (Stephens 1960;
Greenwood (1954); Bockelee-Morvan (1966); I.R.H.O. (1956). Most of
these responses were obtained on very intensively cropped soils where
the fertility status had decreased to a low level.
Sulphur addition even though ineffective on yield, increased the
per cent S in the forage. This could be of immense benefit to the live-
stock industry whereby some of the sulphur containing amino acids in the
legume forage might be increased even though increase in forage yield
might not occur.
Nitrogen did not give any significant response with kernel or
haulm yield at maturity. However, the effect of sulphate of ammonia at
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flowering was significant. Stephens (1960) reported a highly signifi-
cant response of the crop to sulphate of ammonia on the same soil series.
Djokoto (1969) obtained an average of 13 per cent increase in kernel
yield over extensive savannah areas in Ghana by applying 10 lbs N per
acre. Since there was no inocculation with rhizobia in any of these
experiments,this effect might possibly be due to ineffective symbiotic
fixation. However, this would need further investigation.
The soil in the present experiment showed a very high carbon-
nitrogen ratio of 20; an evidence of the short rest under grass fallow.
Some degree of response to nitrogen was therefore expected. A possible
explanation of the lack of response might be that with the adequate
phosphate level, conditions for the nitrogen fixation were favourable
and the plants quickly had sufficient nitrogen supply. Field
observations showed that the plants in the non-nitrogen treatments
were pale for about two weeks after germination. In the third week,
all plots were looking green showing no colour difference between
nitrogen and plots without this nutrient. Albrecht and McCalla (1937)
suggested that dressings of phosphate on legumes might greatly increase
fixation of nitrogen as this nutrient stimulates root growth. Ludecke
(1941) also observed that the rate of nitrogen fixation per gramme of
nodule was greatly increased by phosphorus. It wouldtherefore, seem
probably that soils adequately supplied with phosphorus might not
require much combined nitrogen on groundnuts provided other conditions
are favourable for active nitrogen fixation.
Some of the results obtained on groundnuts in West Africa showed
the existance of a positive interaction between sulphur and nitrogen
(I.R.H.O. (1956). Anderson and Spencer (1950) working with subterannean
clover, also obtained interaction between sulphur and combined nitrogen.
But this interaction was found only when nitrogen fixation was impaired
by molybdenum deficiency. As already stated elsewhere, it would seem
that nitrogen fixation was adequate hence combined nitrogen did not
increase crop yield.
The higher per cent of fertilizer nitrogen recovered in the
forage at flowering showed that combined nitrogen was actively absorbed
by the groundnut crop. When the nitrogen rate was reduced to half, the
per cent nitrogen derived from fertilizer source was proportionately
reduced. This showed clearly that the nitrogen fixation was decreased
with increasing rates of combined nitrogen application. On soils without
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favourable conditions for rapid nitrogen fixationtherefore, sufficient
combined nitrogen would be required if the legume crop is to establish
properly. Using labelled nitrogen, Allos and Bartholomew (1955), also
showed the same relationship between nitrogen fixation in legumes and
combined nitrogen application.
The per cent nitrogen derived from fertilizer source reduced
considerably with maturity. At harvest only 25 per cent of the value
found at flowering stage was in the haulm. However, there was no
significant change in the total nitrogen. Again this confirmed an
active nitrogen fixation even though combined nitrogen was applied at
30 kg N per ha.
The very close values of fertilizer nitrogen found at maturity
in both haulm and husk in such a crop as a legume were worth noting;
since per cent total nitrogen in the haulm at harvest was much higher
than in the husk. Further work on the distribution of combined nitrogen
in a grain legume such as groundnut could be of much value.
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JOINT FAO/IAEA DIVISION OF ATOMIC ENERGY IN GOOD AND AGRICULTURE
Preliminary Field and Greenhouse Trials on
Nitrogen Fertilization and Symbiotic N Fixation
with Beans and Clover
by
H. Broeshart and H. Axmann
International Atomic Energy Agency
Vienna, Austria
ABSTRACT
A sand culture experiment on beans and clover using 5N labelled
NH4 and N03' nitrogen solutions showed no detectable symbiotic fixation4 3
of nitrogen in the presence of NH and N03' nitrogen respectively -4 3
perhaps due to too short a growth period (4 weeks).
A field experiment on the same crops using 1 5N labelled fertilizers
showed that the application of N fertilizers did not inhibit the symbiotic
fixation of N. Fertilizer N was utilized more efficiently when top dressed
at flowering than when applied at seeding. There was no yield response
to N.
Introduction
In agricultural practice, nitrogen fertilization of legume crops is
rather an exception than a rule.
It is generally accepted that applications of nitrogen fertilizers
may reduce the extent of symbiotic nitrogen fixation of root nodules.
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Little is known about the nature of this "inhibiting" effect, i.e.
whether the reduction of symbiotic fixation by fertilizer nitrogen is
due to absence of nodules, ineffective nodules, the chemical nature of
the nitrogen fertilizer, the timing of the applications etc.
In order to answer the question: "What is the effect of chemical
nature of nitrogen fertilizer on symbiotic N fixation", a sand culture
experiment using 1 5N labelled nitrate and ammonium solutions, was carried
out. In field and pot experiments it is not possible to ensure a con-
tinuous supply of either NO3 or NH4 ions, since nitrification reactions
are likely to transform part or all NH into NO . The solution to the
question: "What is the effect of nitrogen fertilizer on the magnitude of
symbiotic N fixation under field conditions",requires an independant
direct estimation of soil N supply, symbiotic N supply and fertilizer N
supply. The use of 5N labelled fertilizer enables an estimation of
the sum of soil N and symbiotic N supply. If it is assumed that ferti-
lizer nitrogen effects symbiotic N fixation, but not the rate of soil N
supply, any change in amount of soil + symbiotic N induced by nitrogen
fertilizer applications, could be interpretated as a change in symbiotic
N fixation only. This approach was used for two field experiments with
beans and clover respectively.
A. Sandculture Experiment
The objective of the experiment was to study the extent of
symbiotic N fixation by clover and beans, as affected by the nature
of the nitrogen source (NH4+ or N3).
Absence and presence of inocculum were taken as additional treat-
ments. The composition of the nutrient solutions has been given in
Table 1.
Concentrated stock solutions were made from which 25 1 culture
solutions were prepared daily. The pH was adjusted to 6.8.
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TABLE 1
Composition of Nutrient Solution (1 % 15N atom excess).
H + Solution NO Solution
NH+ 3.5 me NO 3.5 me4 3
K+ 1.5 me HPO
'
1.5 me
Mg ++ 1.5 me SO4 1.5 me
Ca++ 2.0 me K+ 1.5 me
SO4t 7.0 me Mg+ 1.5 me
4
H2PO' 1.5 me Ca+ 3.5 me
+ NaOH to make pH 6.8
micro nutrients in ppm: Fe 2.8; Cu 0.0032; Zn 0,032; Mn 0.275;
Mo 0,024; B 0,165.
The solutions were supplied to pots containing about 1.5 kg
sterilized sand, at a rate of 1 drop/second. The pots were allowed
to drain freely. Inocculum was applied at the seeding of clover and
beans. The plants were harvested 4 weeks after germination.
Results
The growth and colour of the plants were excellent and identi-
cal for all treatments. Nodules were observed on the roots of phaseo-
lus for the NH + + inocculation treatment only. In the case of
clove nodules were observed for all treatments.clover nodules were observed for all treatments.
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Table 2 lists the % N and % N derived from the nutrient solution
in phaseolus and trifolium that were found for the treatments.
TABLE II
Results Sandculture Experiment.
Treatments Phaseolus Trifolium
Source of N Inocculation % N % NdFC+ % N % NdFC+
Ca(N 3)2 - 4.0 92 4.3 93
+ 3.9 92 4.2 92
(NH4)2s 4 - 3.8 91 4.2 91
+ 4.2 94 4.4 88
+ % NdfC = % N in the plants derived from the culture solution.
The nitrogen contents were not affected by the nature of the
source. Also the % N in the plants that was derived from the nutrient
solution was remarkably constant.
If no symbiotic nitrogen would have been fixed, the nitrogen
from nutrient solution together with the original nitrogen in the
seed would have been the only sources.
It may be seen that 6 - 12 % N was derived from other sources
than the culture solution, which might have been symbiotic N and
seed N.
The nitrogen content of the dry plant material was of the order
of 4 % and 3 - 4 g of dry matter were produced per pot. This re-
presents 120 - 160 mg N/pot in the above ground plant parts.
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About 20 mg N were supplied with phaseolus seed and 25 mg with
trifolium. It is evident that in this case the 6 - 12 % N not
derived from the culture solution may well have been supplied by
nitrogen from the seeds. From the sand culture experiment it may
therefore be concluded that in the presence of NH4 and NO nitro-
gen, symbiotic N fixation either did not occur or was too low to be
detected with the technique that was adopted. It may well be, of course,
that the growing period of 4 weeks was too small to enable detection
of symbiotic N fixation.
B. Field Experiments.
The objective of the field experiments with clover and beans
was to study the effect of fertilizer nitrogen on symbiotic N fixa-
tion. The treatments included absence and presence of Rhizobium
inocculum and two times of application of N, i.e. a basic treatment
and a top dressing at flowering.
In order to determine the soil + symbiotic N supply in the
"absence" of nitrogen fertilizer, a small rate of nitrogen applica-
tion of 5 kg N/ha was included. It was assumed that such a low
rate of N application was unlikely to have a depressing effect on
any symbiotic N fixation. The actual nitrogen fertilizer applica-
tion was done with NaNO3 at a rate of 100 kg N/ha. The nitrate
supplied at a rate of 5 kg/ha was labelled with 20 % 1 5N atom excess,
whereas the nitrite applied at 100 kg/N/ha had 1 % 15N atom excess.
The experiments were arranged as split plots with inocculation
and absence of inocculation as main plots and the fertilizer - time
of application treatment combinations as sub plots. Each treat-
ment was replicated four times.
Phaseolus was seeded in rows 45 cm apart with 4 cm between
plants. Each subplot consisted of 7 rows, 2 m long. 5N labelled
NaNO3 was applied to the centre row only, while the remaining rows
received non-labelled NaN03. The whole experimental area received
100 kg P205/ha as superphosphate and 100 kg K20 as K2S04; both
fertilizers applied prior to seeding.
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The inocculum was applied on the field as a suspension, after
germination of the seeds.
The trifolium was seeded as a broadcast application on treat-
ment subplots of 1.5 x 2 m. 1 5N labelled NaN03 was applied as a
band, 0.5 m in width and 2.0 m in length, through the centre of the
plot.
The remaining plot area received non-labelled NaNO3. After
germination, inocculum was applied as a suspension.
Results
Phaseolus
The observations relevant to the experiment have been listed
in Table III. No differencesin bean yield were observed. The low
average yield for treatment 100 - 0 was due to the very low yield
of some of the replications.
The nitrogen content of the beans was not affected by any
of the treatments. This seems to suggest that Rhizobium must have
been present in the soil of the experimental fields. Both yield
and N content of the treatments were identical to those of the con-
trol plots. In accordance with this assumption is the fact that
the % N in the plants derived from fertilizer was not affected by
inocculation treatment. It is obvious that the low application of
N resulted in a low and the high application of N in a high % N in
the plant derived from fertilizer. It may be seen, however, that
the fraction of the fertilizer that was taken up by the crop was
not affected by the rate of application. For applications of 5
and 100 kg N at seeding, 12 - 15 % of the fertilizer nitrogen was
taken up by the beans. When these applications were made at
flowering time, 22 - 28 % of the fertilizer were utilized, irrespec-
tive of rate of application.
In order to compare the amount of soil N + symbiotic N
corresponding with each treatment, the A values were calculated
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TABLE III - Results of Phaseolus Experiment (Field)
Treatments InoocuB- Yield of % N % N++ % N "A" Value
in kg N/ha tion beans in dff Fert. (kg N/ha)
ton/ha yield
Seeding Flowering
0 0 - 2.1 3.2 - - -
+ 2.3 3.1 - - -
5+ 0 - 2.2 3.2 0.8 12 748
+ 1.9 3.0 1.2 14 467
0 5+ - 2.4 3.1 1.5 22 392
+ 2.4 3.1 1.9 28 270
100+ 0 - 1.9 3.0 21.3 12 512
+ 1.8 3.1 27.5 15 462
0 100+ - 2.1 3.1 36.0 23 180
+ 2.1 3.1 33.6 22 202
5+ 100 2.2 3.2 0.8 12 622
+ 2.2 3.2 0.9 12 640
5 100oo - 2.3 3.1 30.3 22 232
+ 2.2 3.2 28.9 20 255
15N+ labelled with ++ % Ndff = % N in plant derived
from fertilizer.
for each plot. The last column of Table III. gives the means of
the A values. It is evident that inocculation had no effect on
the A value and therefore the mean of the fertilizer treatments
was calculated by bulking the data for presence and absence of
inocculation.
Table IV. shows the mean "A" values of phaseolus experiment.
Table IV. seems to suggest that differences in "A" value due
to rate of application are not significant. The differences due
to time of application are highly significant. This could mean that
rate of N application has little effect on the amount of nitrogen
available from symbiotic N fixation. However, when nitrogen is
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TABLE IV - Mean "A" Values of Phaseolus Experiment.
Treatment in kg N/ha
Seeding Flowering "A" Value in kg N/ha
5+ 0 609 LSDat P = 0.05
100+ 0 488 = 228
5+ 100 631
0 5+ 331 LSD at P = 0.05
0 l00+ 191 = 307
5 100+ 244
+labelled with 1 5N.
applied as a fertilizer, the amount of N taken up from soil +
symbiotic fixed N is reduced, but the rate of supply of N from
soil + symbiotic N is not affected.
From Table III it is evident that much more fertilizer nitro-
gen is taken up from top dressing than from application at seeding.
The corresponding difference in "A" value due to this time effect
(Table IV) is understandable but difficult to interprete because
this difference may be due to several factors such as changes in
the intensity of N fixation, root development, changes in soil N
supply etc.
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TABLE V - Results of Trifolium Experiment (Field).
Treatment s
kg N/ha
at seeding at flowering inocculation % Ndff
5+
5+
0
0
100+
100+
0
0
5+
5+
5
5
0
0
5+
5+
0
0
100+
loo+
100
100
100+
100oo+
+
+
+
0.1
0.3
1.5
1.4
0
0
23.6
24.8
0.1
0
20.1
24.4
+
+
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TABLE VI
Mean "A" Value for Clover Experiment.
Treatments
in kg N/ha % N derived "A" Value
from fertilizer in kg/ha
Seeding Flowering
0 5+ 1.5 330
0 100+ 23.7 320
5 100+ 22.3 360
Trifolium
The % Ndff of the clover experiment is shown in Table V.
Due to the extremely dry spring, irrigation had to be given
continuously during germination of the crop.
This explains why the applications of NaNO3 at seeding
failed to give any response. Apparently all NO3 had been leached
out of the rooting zone when the plants had established their
root system.
The "A" values that were determined for the top-dressed
treatments (Table VI) confirm the findings of the bean experi-
ment: i.e. rate of N application had no effect on the availability
of soil + symbiotic N.
Conclusions
From the results of preliminary sandculture experiments with
beans, it can be concluded that root nodules developed
only when nitrogen was applied in the NH4 form. There was no indication
of any symbiotic fixation in the presence of abundant NH4 supply during
a one month growing period.
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The field experiment with beans did not show any yield responses
to 100 kg N/ha. Although the N fertilizer is taken up by the crop at
the expense of soil + symbiotic N, it can be inferred from the "A"
values that the applications of N did not affect the availability of soil
+ symbiotic N. This would mean that the process of symbiotic N fixation
is not inhibited by N fertilization. The utilization of topdressed N
is higher than that of N applied at seeding. The experiments do not allow
for an interpretation of the drop in "A" value between seeding and flowering.
The experiment with trifolium failed to show any nitrogen uptake from the
application at seeding, due to removal of NO3 with irrigation water during
germination of the seeds. The "A" values found for topdressing confirm
the findings of the bean experiment.
HBroeshart/pe 11 May 1972
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CONCLUSIONS AND RECOMMENDATIONS
1. Panel Objectives
(i) To advise on the potential for a research project to study how
fertilizer utilization by grain legume crops can be maximised
without losing any economic benefits from their nitrogen fixing
capacity,
(ii) Should such a programme be considered justified, to define its
scope and direction, and
(iii) To formulate draft proposals for implementing the project.
2. Conclusions
The information presented at the meeting led to the following con-
clusions:
(i) Grain legume crops such as beans, groundnut, soya beans, chick peas,
pigeon peas etc. have shown economic yield responses to the appli-
cation of phosphorus (50 - 80 kg P2 05 /ha) and starter nitrogen
(10 - 30 kg N/ha).
(ii) Sometimes economic yield responses are obtained to heavier appli-
cations of nitrogen, e.g. in the acid soils of the humid tropics
(pulses - India, beans - Latin America, groundnuts - West
Africa), in areas newly planted to legume crops and in some
areas where they are grown in rotation with non-leguminous
crops (soya bean - Romania, beans - Latin America), and under
conditions of intensive farming (soya bean - U.S.A.)
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(iii) Inoculation with effective nitrogen fixing strains of rhizobium
is often necessary for satisfactory grain legume production
though not always practiced.
(iv) Economic yield responses have also been obtained to potassium,
magnesium, sulphur, calcium, molybdenum, zinc and vanadium.
(v) Inadequate information is available on the value of nitrogen
applications later in the growth stage of legume crops and the
effect of such applications on nitrogen fixation. There is some
indication that late application, at flowering time, can increase
seed nitrogen content and yields (soya bean).
(vi) Inadequate information is available on how and when fertilizers
should be applied for maximum efficiency of utilization.
(vii) Under conditions suitable for rhizobium survival and activity,
nodule functioning and host plant growth, legume crqps can derive
most, if not all, of their nitrogen requirements through fixation
of atmospheric nitrogen provided that an effective rhizobium
strain is present. If such conditions are not met (e.g. liming
materials may not be economically available for improving soil
reaction, innoculants may be ineffective), legume crops may
have to depend on fertilizer nitrogen for maximising production.
(viii) While recognising that higher grain production from legume crops
may involve a breeding and selection programme, it is considered
that from an immediate practical point of view the question of
efficient fertilizer practice merits serious study.
(ix) The tracer technique offers the most effective means of investigating
the fertilizer problems indicated above.
3. Recommendations
(i) The panel recommends that in view of economic yield responses obtained
to fertilizer application in various grain legume crops in different
regions of the world, a coordinated research programme be initiated
using tracers to study:
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a) The impact of fertilizer application on nitrogen fixation,
b) Factors influencing the efficiency of fertilizer utilization
with particular reference to nitrogen and phosphate fertilizers.
The object of this study would be to see how maximum use could be
made of the nitrogen fixation process towards meeting the demands of
legume crops for nitrogen and how best fertilizer should be applied
when this is necessary.
(ii) The panel recommends that the choice of crops to be studied and the
countries participating be determined by the economic importance of
the crops to the respective countries - e.g. soya bean (glycine max)
in the East European region, broad bean (Vicia faba) in the Middle
East, groundnut (Arachis hypogaea) in West Africa, bean (Phaseolus
vulgaris) in Latin America, and chick pea (Cicer arietum) and pigeon
pea (Cajanus Cajan) in India.
(iii) The panel recommends a basic field experimental programme to study
the effects and interactions of inoculant fertilizer nitrogen and
phosphorus.
In planning the experiments, the need for examining the following
factors should also be borne in mind:
a) Rates, time, method of application and source of N and P.
b) The effects of other nutrients on nitrogen fixation.
c) The effects of other cultural practices including irrigation, and
liming of acid soils.
(iv) Nodule observations on selected individual plants to be done as
indicated in the appendix.
(v) The panel recommends that in addition to the usual data on soil
characteristics and climate (including meteorological data for evalu-
ating potential evapotranspiration), the following observations should
be made at each site:
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a) Maximum soil temperature at seed level daily for 7 to 10 days
from sowing - (desirable), for a further 7 to 10 days (desirable)
and then maximum weekly temperatures if possible.
b) Soil Moisture measurements or at least observations at the same
positions and frequency as for soil temperature.
(vi) The following microbiological observations should be made on se-
lected plots:
a) 1. Rhizobium counts in soil before and after sowing.
2. Rhizobium counts in rhizosphere at late seedling stage -
-)
about 4 weeks
b) 1. Type of rhizobia in soil at sowing, and at late seedling
stage.
2. Type of rhizobia in rhizosphere at late seedling stage.
3. Type of rhizobia in nodule at late seedling stage ), flower-
ing and mid-pod stage.
*) These measurements are essential for studying the establishment of
the inoculum in the soil and nodule.
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APPENDIX
Nodule Observations on Selected Individual Plants
t2 late seedling (about 4 weeks when nodules are clearly visible but
plants are not too large).
t3 flowering
t4 middle pod
Time
Parameter 
_2 t3 t4
Nodule number per plant
a) crown
b) laterals e d d
Nodule weight per plant d d d
Nodule N content P P P
Nodule structure p p p
Nodule colour when sliced e d d
Acetyline reduction of d d d
whole or part of root
e = absolutely essential
d = desirable
p = possible
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